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INTRODUCTION. 


For  the  benefit  of  the  readera  of  Vol.  HI, 
who  have  not  read  the  general  Introduction 
found  in  Vol.  I,  a  word  as  to  the  scope  and 
object  of  this  volume  will  not  be  amiss. 

It  will  be  plain  to  any  one  on  seeing  the  size 
of  the  little  book  that  it  cannot  be  an  ex- 
haustive treatise  on  a  subject  so  large  as 
that  of  Electricity.  This  volume,  like  the 
others,  is  intended  for  popular  reading,  and 
technical  terms  are  avoided  as  far  as  possible, 
or  when  used  clearly  explained.  The  subject 
is  treated  historically,  theoretically,  and  prac- 
tically. 

.  As  the  author  has  lived  through  the  period 
during  which  the  science  of  Electricity  has 
had  most  of  its  growth,  he  naturally  and 
necessarily  deals  somewhat  in  reminiscence. 
All  he  hopes  to  do  is  to  plant  a  few  seed- 
thoughts  in  the  minds  of  his  readers  that  will 
awaken  an  interest  in  the  study  of  natural 
science;  and  especially  in  its  most  fascinating 
branch— Electricity. 
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fntroOuctioH. 


If  Vol.  I  is  at  hand,  please  read  the  Intro- 
duction. It  will  bring  you  into  closer  sym- 
pathy with  the  author  and  his  mode  of  treat- 
ment. 

Again,  if  the  reader  is  especially  interested 
in  the  theory  of  Electricity  it  will  help  him 
very  much  if  he  first  reads  Vols.  I  and  II,  as 
a  preparation  for  a  better  understanding  of 
Vol.  III.  All  the  natural  sciences  are  so 
closely  related  that  it  is  difficult  to  get  a  clear 
insight  into  any  one  of  them  without  at 
least  a  general  idea  of  all  the  others. 


NATURES  MIRACLES. 


ELECTRICITY  AND  MAGNETISM. 


CHAPTER  I. 

THE  author's   design. 

The  writer  has  spent  much  of  his  time  for 
thirty-five  years  in  the  study  of  electricity 
and  in  inventing  appliances  for  purposes'  of 
transmitting  intelligence  electrically  between 
distant  points,  and  is  perhaps  more  familiar 
with  the  phenomena  of  electricity  than  with 
those  of  any  other  b'  nch  of  physics;  yet  he 
finds  it  still  the  most  licHcult  of  all  the  natural 
sciences  to  explain.  To  give  any  satisfactory 
theory  as  to  its  place  with  and  relation  to 
other  forms  of  energy  is  a  perplexing  prob- 
lem. 

It  is  said  that  Lord  Kelvin  lately  made  the 
statement  that  no  advance  had  been  made  in 
explaining  the  real  nature  of  electricity  for 
fifty  years.  While  this  statement— if  he  really 
made  it — is  rather  broad,  it  must  be  acknowl- 
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edged  that  all  the  theories  so  far  advanced  are 
little  better  than  {guesses.  But  there  is  value 
in  guessing,  for  one  man's  guess  may  lead  to 
another  that  is  better,  and,  as  it  is  rarely  the 
case  that  each  one  does  not  give  us  a  little 
different  view  of  the  matter,  it  may  be  that 
out  of  the  multiplicity  of  guesses  there  may 
some  time  be  a  suggestion  given  to  some  in- 
vestigator that  will  solve  the  problem,  or  at 
least  carry  the  theme  farther  back  and  es- 
tablish its  true  relationship  to  the  other  forms 
of  energy.  I  cannot  but  think  that  there  is 
yet  a  simple  statement  to  be  made  of  Energy 
in  its  relation  to  Matter  that  will  establish 
a  closer  relationship  between  the  different 
branchec  of  physical  science.  And  this,  most 
likely,  will  be  brought  about  by  a  better  under- 
standing of  the  nature  of  the  interstellar  sub- 
stance called  Ether,  and  its  relation  to  all 
forms  and  conditions  of  sensible  matter  and 
energy. 

In  the  talks  that  will  follow  it  will  be  the 
endeavor  of  the  writer  to  give  such  a  simple 
and  popular  exposition  of  the  phenomena  and 
applications  of  electricity,  in  a  general  way 
only,  that  the  popular  reader  may  get,  at  least, 
an  elementary  understanding  of  the  subject  so 
far  as  it  in  known.  As  ive  have  said,  the 
descriptions  will  have  to  be  elementary,  for 
nothing  else  can  be  done  without  such 
elaborate  technical  drawings  and  specifications 
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as  would  be  impossible  in  our  limited  space, 
and  would  not  be  clear  to  the  ordinary  reader 
who  knows  nothing  of  the  science. 

Thousands   who   are   employed    in   various 
ways    with    enterprises,    the    foundations    of 
which  are  electrical,  know   nothing  of  elec- 
tricity as  a  science.    A  friend  of  mine,  who  is 
a  professor  of  physics  in  one  of  our  colleges, 
was  traveling  a  few  years   ago,  and  in  his 
wanderings  he  came  across   some  sort  of  a 
factory  where  an  electric  motor  was  employed. 
Being  on  the  alert  for  information,  he  stepped 
in  and  introduced  himself  to  the  engineer,  and 
began  asking  him  questions  about  the  electric 
motor  of  which  he  had  charge.    The  professor 
could  talk  ohm,  amperes,  and  volts  smoothly, 
and  he  "  fired  "  some  of  these  electrotechnical 
names  at  the  engineer.      The  engineer  looked 
at  him  blankly  and  said :  "  You  can't  prove  it 
by  me.     I  don't  know  what  you're  talking 
about.    AH  I  know  is  to  turn  on  the  juice  and 
let  her  buzz."    How  much  "  juice  "  is  wasted 
in  this  cut-and-dry  world  of  ours  and  how 
much  could  be  saved  if  only  all  were  even 
fairly  intelligent  regarding  the  laws  of  nature ! 
A  great  deal  of  the  business  of  this  world  is 
run  on  the  "  let  her  buzz "  theory,  and  the 
public  pays  for  the  waste.    It  will  continue 
to  be  so  until  a  higher  order  of  intelligence 
is  more  generally  diffused  among  the  people. 
A   fountain    can   rise    no    higher    than    its 
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source.  A  business  will  never  exceed  the  in- 
telligence that  is  put  into  it,  nor  will  a  gov- 
ernment ever  be  greater  than  its  people. 

Let  us  begin  the  subject  of  electricity  by 
going  somewhat  into  its  past  history.    It  is 
always  well  to  know  the  history  of  any  subject 
we  are  studying,  for  we  often  profit  as  much 
by  the  mistakes  of  others  as  by  their  suc- 
cesses.   I  shall  also  give  the  theories  advanced 
by  different  investigators,  and  if  I  should  have 
any  thoughts  of  my  own  on   the  subject  I 
shall  be  free  to  give  them,  for  I  have  just  as 
good  a  right  to  make  a  guess  as  any  one.    It 
must  be  confessed,  however,  that  the  older  I 
grow  the  less  I  fed  that  I  know  about  the 
subject  of  electricity,  or  anything  else,  in  com- 
parison with  what  I  see  there  is  yet  to  be 
known.    I  once  met  a  young  man  who  had 
just  graduated  from  college,  and  in  his  con- 
versation he  stated  that  he  had  taken  a  course 
in  electricity.    I  asked  him  how  long  he  had 
studied  the  subject.     He  said  "  three  months." 
I  asked  him  if  he  understood  it— and  he  said 
that  he  did.    I  told  him  that  he  was  the  man 
that  the  world  was  looking  for;  that  I  had 
studied  it  for  thirty  years  and  did  not  under- 
stand it  yet. 

"A  little  learning  is  a  dangerous  thing" — 
for  it  puffs  us  up,  and  we  feel  that  we  know 
it  all  and  have  the  world  in  our  grasp;  but 
after  we  have  tried  our  "little  learning"  on 
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the  world  for  a  while  and  have  received  the 
many  hard  knocks  that  are  sure  to  come,  we 
are  sooner  or  later  brought  up  in  front  of  the 
mirror  of  experience,  and  we  "see  ourselves 
as  others  see  us,"  and  are  not  satisfied  with  the 
view. 

Whatever  the  theorir  may  be  regarding 
electricity,  and  however  unsatisfactory  they 
may  be,  there  are  certain  well-defined  facts 
and  phenomena  that  are  of  the  greatest  im- 
portance to  the  world.  These  we  may  under- 
stand :  and  to  this  end  let  us  especially  direct 
dur  efforts. 


CHAPTER  n. 

HISTORY  OF  ELECTRICAL  SOIENOE. 

nof  old""'*!..'"  a  well-developed  science  is 
not  old.       Those  of  us  who  have  lived  fifty 

f^Z-Tt  T  """'y,  ""  '*^  development  so 
far  as  It  has  been  applied  to  useful  purposes, 
and  those  who  have  lived  over  twen(y-five 

Spmenr  "*"  **"  ""'^■"  P""""  "f  '^  <»«- 

at^W  /  MUetus  600  B.C..  discovered,  or 
wL  VkT'I"^*  *«  properties  of  amber 
when  rubbed,  showing  that  it  had  the  power  to 

««™«t  r'*,'"'^'  '■«•'*  '"bstances.  S  a^ 
straws  dry  leaves,  ete.  And  from  the  Greek 
word  for  ambei-^lektron-came  the  nme 
electricity,   denoting   this   peculiar  property 

vations    the  former  about  321  b.o.,  and  the 

attnf,''r/V-''-    ?  ''  "'^o  «"<»  that  the 
ancients  had  observed  the  effects  of  animal 

t1::S:'*5r  "*  "^  f"^  "'  *«  «*  -'" 

torpedo.  Pliny  and  Aristotle  both  speak  of  its 

and  to  first  benumb  the  fish  which  it  then 
preyed  up...    It  is  also  recorded  that  a  f S 
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man  of  Tiberius  was  cured  of  the  gout  by  the 
shocks  of  the  torpedo.  It  is  further  recorded 
that  Wohmer.  the  King  of  the  Goths,  was  able 
to  emit  sparks  from  his  body. 

1fiSr'"^/7^  *?..^°'^  °^«^^^"  time8--A.D. 
1600-we  find  Dr.  Gilbert,  an  Englishman,  tak- 
ing up  the  investigation  of  the  electrical  pro- 
perties of  various  substances  when  submitted 
to  friction,  and  formulating  them  in  the  order 
hJl  i";Portance.  In  these  experiments  we 
have  the  beginnings  of  what  has  since  de- 
veloped into  a  great  science.  He  made  the 
discovery  that  when  the  air  was  dry  he  could 
soon  electrify  the  substances  rubbed,  but  when 

tuaes  he  failed  altogether.      In  1705  Francis 
Mawksbee,  an  experimental  philosopher,  dis- 
covered that  mercury  could  be  rendered  lumi- 
nous by  agitating  it  in  an  exhausted  receiver. 
(It  18  a  question  whether  this  phenomenon 
should  not  be  classed  with  that  of  phosphor- 
escence rather  than  electricity.)     The  number 
oi    investigators   was    so   great   that    all    of 
them  cannot  be  mentioned.    It  often  happens 
that  those  who  do  really  most  for  a  science 
are   never  known  to   fame.      A   number   of 
people  will  make  small  contributions  till  the 
structure  has  by  degrees  assumed  large  pro- 
portions, when  finally  some  one  comes  along 
and  puts  a  gilded  dome  on  it  and  the  whole 
structure  takes  his  name.    This  is  eminently 
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iTl'^n"*?  °*  *?"  """"  '"P"^"*  develop- 
ments m  the  science  and  applications  of 
e^tocty  dunng  the  last  twenty^fi^e  or  Zrt 

SteDhl7of»  ^r'^t^  ""^  ^  mentioned 
Stephen  Gray    Sir  Isaac  Newton,  Dr.  Wall 

M.  Dupay  and  others.  Dupay  discovered  the 
two  conditions  of  electrical  eLitation  Wn 

^45  ZT'T  "•  "•  ""^"'"^  conditions  ™ 
1745  the  leyden  jar  was  invented.    It  takes 

use  was  first  discovered.  It  is  a  i?laa«  i-«r 
coated  inside  and  out  with  tin-foil  The  S 
side  coating  is  connected  with  a  brass  knob  at 

m^sfw'K    ^''^.""'«''  ^nd   outer  coatings 
ZZ    T  •«  ~°t">"»"8  but  insulated  from 
each  other.    The  author's  name  is  not  knor 
but  It  IS  said  that  three  different  persons T- 
vented  it  independently,  to  wit,  a  monk  by  the 
n^e  of  Kleist.  a  man  by  the  name  of  Cnneu^ 
and    Professsor    Muschenbroeck    of    Sen 
This  was  an  important  invention,  as  h  was 
the  forerunner  of  our  own  Praidin's  Ts 
covents  and  a  necessary  part  of  his  outfit  wid, 
which  he  established  tie  identity  of  liX^n^ 
and  electricity.      Eveiy  America^  XS 

F^r^r  •  *"»»  J'T*''  "^  J»'y  orations  hZ 
iZ^  A  '^"f^*  *''*  ^"'^  ««l>tning  from 
the  clouds  and  tamed  it  and  ^ade  it  a,,h 

servient  to  the  will  of  man."    How  my  boS 
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soul  used  to  be  stirred  to  its  depths  by  this 
oratorical  display  of  electrical  fireworks  I 

Franklin  had  long  entertained  the  idea  that 
the  lightning  of  the  clouds  was  identical  with 
what  is  called  frictional  electricity,  and  he 
waited  long  for  a  church  spire  to  be  erected 
in  his  adopted  home,  the  Quaker  City,  in  or- 
der that  he  might  make  the  test  and  settle  the 
question.  But  the  Quakers  did  not  believe  in 
spires,  and  Franklin's  patience  had  a  limit. 

Franklin  had  the  theory  that  most  inves- 
tigators had  at  that  time,  that  electricity  was 
a  fluid  and  that  certain  substances  had  the 
power  to  hold  it.      There  were  two  theories 
prevalent  in  those  days— both  fluid  theories. 
One  theory  was  that  there  were  two  fluids,  a 
positive  and  a  negative.    Franklin  held  toJ;he 
theory  of  a  single  fluid,  and  that  the  phe- 
nomenon of  electricity  was  present  only  when 
the  balance  or  natural  amount  of  electricity 
was  disturbed.      According  to  this  theory,  a 
body  charged  with  positive  electricity  had  an 
excessive  amount,  and,  of  course,  some  other 
body  somewhere  else  had  less  than  nature  had 
allotted   to   it;   hence   it   was   charged   with 
negative  electricity.      A  Leyden  jar,  for  in- 
stance, having  one  of  its  coatings   (say  the 
inside)  charged  with  positive  or  +  electricity, 
the  other  coating  will  be  charged  with  negative 
or  — electricity.   The  former  was  only  a  name 
for  an  amount  above  normal  and  the  latter  a 
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name  for  a  shortage  or  lack  of  the  normal 
amount. 

As  we  have  said,  Franklin  believed  in  the 
Identity  of  lightning  and  electricity,  and  he 
waited  long  for  lh  opportunity  to  demonstrate 
his  theory  He  had  the  Leyden  jar,  and  now 
all  ho  needed  was  to  establish  some  suitable 
connection  between  a  thunder-cloud  and  the 
earth. 

Previous  to  1750  Franklin  had  written  a 
papef  in  which  he  showed  the  likeness  be- 
tween the  lightning  spark  and  that  of  fric- 
tional  electricity.  He  showed  that  both  sparks 
move  m  crooked  lines— as  we  see  it  in  a  storm- 
cloud,  that  both  strike  the  highest  or  nearest 
points,  that  both  inflame  combustibles,  fuse 
metals,  render  needles  magnetic  and  destroy 
animal  life.  All  this- did  not  dc  Initely  estab- 
lish their  idoatity  in  the  mind  of  Franklin, 
and  he  waited  long  for  an  opportunity,  and 
finally,  finding  that  no  one  presented  itself,  he 
did  what  many  men  have  had  to  do  in  other 
matters;  he  made  one. 

^  In  the  month  of  June,  1752,  tired  of  wait- 
ing for  a  steeple  to  be  erected,  Franklin  de- 
vised a  plan  that  was  much  better  and  prob- 
ably saved  the  experiment  from  failure;  for 
the  steeple  would  probably  not  have  been  high 
enough.  He  constructed  a  kite  by  making  a 
cross  of  light  cedar  rods,  fastening  the  four 
ends  to  the  four  comers  of  a  large  silk  hand- 
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kerchief.    He  fixed  a  loop  to  tie  the  kite  string 
to  and  balanced  it  with  a  tail,  as  boys  do  now- 
adays.   He  fixed  a  pointed  wire  to  the  upper 
end  of  one  of  the  cross  sticks  for  a  lightning- 
rod,    and   then   waited   for   a   thunderstorm. 
When  it  came,  with  the  help  of  his  boy,  he 
sent  up   the  kite.    He   tied   a   loop   of   silk 
ribbon  on  the  end  of  the  string  next  his  hand 
— as  silk  was  known  to  be  an  insulator  or  non- 
conductor— and  having  tied  a  key  to  the  string 
he  waited  the  result,  standing  within  a  door 
to  prevent  the  silk  loop  from  getting  wet  and 
thus  destroying  its  insulating  qualities.     The 
cloud  had  nearly  passed  and  he  feared  his 
long  waited  for  experiment  had  failed,  when 
he  noticed  the  loose  fibers  of  the  string  stand- 
ing out  in  every  direction,  and  saw  that  they 
were  attracted  by  the  approach  of  his  finger. 
The  rain  now  wet  the  string  and  made  a 
better  conductor  of  it.      Soon  he  could  draw 
sparks  with  his  knuckle  from  the  key.      He 
charged  a  Leyden  jar  with  this  electrical  cur- 
rent from  the  thimder-cloud,  and  performed 
all  the  experiments  with  it  that  he  had  done 
with   ordinary   electricity,   thus   establishing 
the  identity  of  the  two  and  confirming  beyond 
a  doubt  what  he  had  Jong  before  believed  was 
true.      In  after  experiments  Franklin  found 
that  sometimes  the  electricity  of  the  clouds 
was   positiv-   and   at   other   times   negative. 
From  this  experiment  Franklin  conceived  the 
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Idea    of   erectmg    lightning-rods    to   protect 
buildings,  which  are  used  to  this  day. 

Ihe  news  spread  all  over  Europe  not 
through  the  medium  of  electricity,  however 
onL  f^  ^'   '^^^^°^   ^^««^1«    and   stage- 

repet'edth:^''"^'*-  ^^^^  Philosophers 
repeated  the  experiments  and  at  least  one  man 
sacrificed  his  life  through  his  interestTn The 
new   discovery.     In  1753  Professor  Richman 

rL  L-  i^!'^"'^  ^'^"'^^^  ^"  ^'^  l^«"8e  a  metal 
rod  which  terminated  in  a  Leyden  jar  in  one 

S  "  meeting    of    the    Academy    of 

Sciences  He  heard  a  roll  pf  thunder  and 
hurried  home  to  watch  his  apparatus.  He 
and  one  of  the  assistants  were  watching  the 
apparatus  when  a  stroke  of  lightning  came 
down  the  rod  and  leaped  to  the  proWs 

ll^Ttttlf  j:r*^^'^^^  *-  --  ^^  -<^  was 
Passing  over  many  names  of  meri  who  fol- 

next  era-making:  discovery,  namely,  that  of 
gaWc  electric  ty.  In  the  year  1790  an  in- 
odent  occurred  in  the  household  of  one  luigi 

fwTi  ?°  ^*^"'°  P"^''"""  ""d  anatomist, 
that  led  to  a  new  and  important  branch  of 
electrical  science.    Qalvani's  wife  was  prepar- 

Jhfm  S»iS'*S.^°'  """P'  "'^  '"'"''8  skinned 
them  placed  them  on  a  table  near  a  newly 

Aarged  electric  machine.     A  scalpel  wa^" « 
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the  table  and  had  been  in  contact  with  the 
machine.  She  accidentally  touched  one  of 
the  frogs  o  the  point  of  the  scalpel,  when  lo  I 
the  frog  kicked,  and  the  kick  of  that  dTad  fro j 
changed  the  whole  face  of  electrical  sclen™ 
She  called  her  husband  and  he  repeated  the 
eijpenment,  and  also  appropriated  Se  dis! 
covery  as  we  1,  and  he  has  had  the  credit  of  it 

cove.;  %:  ""  •'^""^  "^  ""<=  ™de  the  di  - 
covery.      Galvaru  supposed  it  to  be  animal 

oJtrJffe""''  t"'  '°  **""  theor/the  r" 
Dublishiii  rt""^'"^,  ""r^  experiments   and 
pubhshmg  their  results;  but  the  discovery  led 
others  to  solve  the  problem 

Alessandro  Volta,  a  professor  of  natural 
Phaosophy  at  Pavia  Italy,  was.  it  must  be 
sad,  the  founder  of  the  science  of  galvanic  or 
voltaic  electricity.  Stimulated  by  the  dis- 
covery of  Galvani  he  attributed  the  action  of 
the  frog's  muscles,  not  to  animal  elec  ricitv 
but  to  some  chemical  action  betweerS 
metals  that  touched  it.  To  prove  hU  theo,; 
he  eonstructed  a  pile  made  of  alternate  layera 

uratS^rr""'  "f  "  "'"'''  "'  P«Bteboard  sa" 

"hese  trL!^'  '"''°'  .^'''•'*'°"-    ^y  repeating 

clothihe  i;^:?"^;-  "■"?•  "-•^  *«  '"'"fated 
^i™  7 ,  ""?'»«<)  «  pile  that  would  give  a 
powerful  shock.    It  is  called  the  Voltaif plle 

th.^,  ?*""  V'-f  '"^^^  »*  *«  construction  of 

^i  mv^„b-.'"t'  '"""^"^  ""  ^^P^ri^-^-  It 
was  my  habit  when  a  boy  to  make  everything 
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that  I  found  described,  if  it  were  possible. 
The  bottom  of  my  mother's  wash-boiler  was 
copper,  and  just  the  thing  to  make  the  square 
plates  of  copper  to  match  the  zinc  ones,  made 
from  another  piece  of  domestic  furniture 
used  under  the  stove.  I  shocked  my  mother 
twice — first  with  the  voltaic  pile  that  I  had 
constructed,  and  again  when  she  found  out 
where  the  metal  plates  came  from.  The 
sequel  to  all  this  was — but  why  dwell  upon  a 
painful  subject  I 

Galvanism  and  voltaic  electricity  are  the 
same.  Volta  was  the  first  to  construct  what 
is  termed  the  galvanic  battery.  The  unit  of 
electrical  pressure  or  electromotive  force  is 
called  the  volt,  and  takes  its  name  from  Volta, 
the  great  founder  of  the  science  of  galvanic 
o!r  voltaic  electricity.  From  this  pile  con- 
structed by  Volta  innumerable  forms  of  bat- 
teries have  been  devised.  The  evolution  of 
the  galvanic  battery  in  all  its  forms,  from 
Volta  to  the  present  day,  would  fill  a  large 
volume  if  all  were  described. 

The  discoveries  of  Michael  Faraday  (1791- 
1867),  the  distinguished  English  chemist  and 
physicist,  led  to  another  phase  of  the  science 
that  has  revolutionized  modem  life.  Faraday 
made  an  experiment  that  contains  the  germ  of 
all  forms  of  the  modern  dynamo,  which  is  a 
machine  of  comparatively  recent  development. 
He  found  that  by  winding  a  piece  of  insulated 
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wire  around  a  piece  of  soft  iron  and  bringing 
the  two  ends  (of  the  wire)  very  close  together, 
and  then  placing  the  iron  across  the  poles  of 
a  permanent  magnet  and  suddenly  jerking  it 
'  away,  a  spark  would  pass  between  the  two  ends 
of  the  wire  that  was  wound  around  the  piece 
of  soft  iron.  Here  was  an  incipient  dynamo- 
electric  machine — the  germ  of  that  which 
plays  such  an  important  part  in  our  modern 
civilization. 

Having  brought  our  history  down  to  the 
present  day,  it  would  seem  scarcely  necessary 
to  recite  that  which  everybody  knows.     It  is 
well,  however,  to  call  a  halt  once  in  a  while 
and  compare  our  present  conditions  of  civil- 
ization with  those  of  the  past.    Our  world  is 
filled  with  croakers  who  are  always  sighing 
for  the  good  old  days.  But  we  can  easily  imag- 
ine that  if  they  could  go  back  to  those  days 
their  croaking  would  be  still  louder  than  it  is. 
Before  the  advent  of  electricity  many  things 
were  impossible  that  are  easy  now.    In  the  old 
days  the  world  was  very,   very  large;    now, 
thanks  to  electricity,  it  is  knocking  at  the  door 
of  every  man's  house.    The  lumbering  stage- 
coach that  was  formerly  our  limited  express 
— limited  to  thirty  or  forty  miles  a  day — ^has 
been  supplanted  by  one  that  covers  1000  miles 
in  the  same  time,  and  this  high  rate  of  speed 
is  made  possible  only  by  the  use  of  the  electric 
telegraph. 


u 


Waturc'0  asitacied. 


iii 


.  ^"  *^'«  "'<J  'i«ys  nil  Kuropo  could  \^  in.  i  j 
m  a  great  war  and  the  news  of  .>  ^l^^f 
weeks   in   reaehinir   n,  t   o»  .  '*  ^°"^^^  ^ 

firing  of  the  firrLThea^^^^^^^^  T  *^« 

the  world  over  almlf  kT^  ^'^'''''^  ^''^^^^o 
cleared  away  '  O^  nl„  f?  *t^  '"^"^«  has 
iron  nerves  that  rm?  ^  ^*  ''  *^^^«^«d  ^»th 
eean.  wh^se  trembHn''T  "^°""t«>n«  and  under 
eleetric  fire   snTak  to  "^T^/^""^^  ^^^^  ^^o 

the  irreat  rhVoTbfnVlife  of  the  "f^  '^J^'^^  ^^ 
world.  ^         ''^  *h®  ^ho^e  civilized 

^^SrX- f-,"-  ™;ee  jHat  can 
but  recognized       It  ihn!  ^  """^^  ^^a*"^' 

with  »e„  and  ^1",'"  "f  *S\»*«?-. 
on  to  straps,  while  eveXdVl^J  ""'■"■ 
other  body's  toes.         "^'^^'^^  t™d  on  evcj, 

"InoMmttaMwetookacM 
Dr»wn  by  a  horse.  If  »oi„.  ,„ 

And  felt  that  we  were  blMt:' 
,r.   f  '=°"''"='»'-  "ta  the  far. 

-^iUghtor;- does  thereat. 
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"In  other  days,  along  the  rtreet. 
A  Kjlmmering  Jaiit«rn  led  the  feet, 
when  on  a  nWdnigh*  stroll; 

But  now  we  catch,  when  niKht  III  nlffh. 
A  piece  of  lightning  from  the  sky 
And  stick  it  on  a  pole. 

"  r.*"*  **■  "^^^^  °"®  ""»t  hold  his  ear 
Close  to  a  whispering  voice  to  hear, 

Like  deaf  men-nigh  and  nigher; 
But  now  from  town  to  town  he  talks 
And  puts  his  nose  Into  a  box 

And  whispers  through  a  wire." 

ames  think  it  is  slow,  but  when  wo  look  back 
a  few  years  and  see  what  has  been  aecom- 
plished  It  seems  to  have  had  a  marvelously 
rapid  development. 

Something  like  fifty  years  ago  a  professor 
of  physics  in  one  of  our  colleges  was  giving 
his  class  a  course  in  electricity.  The  electric 
telegraph  was  too  li.tle  known  at  that  time  to 
cut  much  of  a  figure  in  the  classroom,  so  the 
stock  experiments  were  those  made  with  the 
frictional  electric  machine  and  the  Leyden  jar. 
One  day  the  professor  had,  in  one  hour's  time, 

!^/^  .u  ^^^!  l^'^'"''^^  ^  ««"^««  «f  electricity, 
and  at  the  end  he  said:  " Gentlemen,  you  were 
born  too  late  to  witness  the  development  of  this 
great  science."  I  often  wonder  if  the  good 
professor  is  ever  allowed  to  part  the  veil  that 
separates  us  from  the  great  beyond  and  to  look 
down  upon  tins  busy  world  of  ours  in  which 
electricity  plays  such  an  important  part  in  our 
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years  or  more  ago  °®  """y^  ^^V 

the"cr„ero;etS'r'.*';f  ""'"■^  »^ 
has  progressed  int:  LT:  tt  rorf"^  " 
as  they  approach  our  fim/    I.     '  ^""tening 

2300  K'ars7frorThaL  "  Fr.^'S-''  ^"'^  "* 
or  no  progress  w,»  ^.j    u    "anklin,  but  little 

velopmeTXnh™'    """'"^ '}' ^"'"'^ de- 
tricity-the  m™t  •       ^^"^  "^  f rictional  eleo- 

thato^f  theleyden  rT°'  r^°«°"  "ein; 
ta  was  fortySt  ™   ^""'/""Win  to  Voi: 

Faraday  aboutlhLrtl''  ""''  ^''""  ^"^^^  '<> 
timeo/thedeXme^t^^r'^-  ^^»»  tWs 
pared  with  the  old  daTs  T  ^-^  "P'd  ««  «om. 

Morse,  Hen^,  wline^^^a'' oth  ''T'^"^' 
experiments  that  have  „rl        j     •  ""^an 

sixty  y^ars  intn  .        .  ^^f'™'  '^'"■'■"e  «%  or 

trictekS  teCtr'T'  '^^'«"'  of  bio- 
electric faiCds  gT4\:'r'"s  "«^t^  «»<> 

has  succeeded  marvel  w^t,  If  '^"^^  """«' 

that  the  ink  is"ca74  d^TrlTS'/*"^^' 
tion  of  one  hpfnv^  „     xi     "^    ^^  *^^  descrip- 

our  attemL  "^Cel'rjrfl^  "-«  »?»» 
knows,  but  that  it  Jh»!  17?  *"  ™<'  "o  ""e 
The  human  mfnd  L.  L  °"  ""^  '«'''<'™s. 

these  PeriodTc  tv:^;^ « J7e«ustomed  to 

"1^  cups.      XhfcXrtritL^r,^,^ 
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news-vender  is  not  slow  to  see  the  situation, 
and  if  the  development  is  too  slow  to  suit  the 
public  demand  his  fertile  brain  supplies  the 
lack.  So  that  every  few  days  we  hear  of  some 
great  discovery  made  by  some  one  it  may  be 
unknown  to  fame.  It  has  served  its  purpose. 
The  public  mmd  has  had  its  mental  toddy  and 
has  been  saved  from  a  fit  of  intellectual  de- 
irium  tremens  that  it  was  in  danger  of  from 
lack  of  Its  accustomed  stimulus. 

Having  given  you  a  veiy  limited  outline  of 
the  history  of  electricity,  from  ancient  times 
down  to  the  present,  we  will  endeavor  now  to 
give  you  an  elementary  notion  of  the  science 
as  It  stands  to-day.    To  the  common  mind  the 
science  IS  a  blank  page.     So  little  is  known  of 
It  by  the  ordinary  reader,  who  is  fairly  in- 
telligent m  other  matters,  that  to  account  for 
anything  that  we  do  not  understand  it  is  only 
necessary  to  say  that  it  is  an  electrical  phe- 
nomenon and  he  accepts  it.     Electricity  is  a 
1^^°".^"'  ""  **^"*  ^"  ^^^^«*  unde^tand 

toXt'rt-r-'^-r'*^'"^  ^^  ^"  ^^°«^1^  ^-1-ted 
to  electricity  in  its  uses  as  related  to  everyday 

life,  we  will  carry  the  two  subjects  along  to- 
gether as  the  one  will  to  a  large  extent  help 
to  explain  the  other.  In  our  next  chapter  we 
will  look  at  the  history  of  magnetism. 


'.^  CHAPTER  m. 

HISTORY  OP  MAGNETISM. 

called  MaOTes   J,„       "^  I  ^"^^  ^^epherd, 

olens.  ^raclea  ZT  tf"  *'""<*  ^P''  Hera- 

found  in  the  nS    *  .   ^  *"■  °^''1«  »*  i™" 

time  b/nattaC" L:  f  Ln"'  "T  ".*  '<""« 
netie-that  is,  giy^  th,  i      '^'J^''^  "^e- 
■ron,  and,  when  sus^iP^;;  ?*  .attracting 
North  and  South  pX    '  2f  P^'nt'ng  to  the 
natural  magnet  wa,  tr,!f™,   !  "  P"™'  «f  the 
in  the  histoTof™  an  T  "*  "  ^T  ^"'^  "-^ 
Homer,  PythCaTand  ArStoU  %'^  *",''^ 
speaks  of  it.  and  refew  tf        J;?'    -^^'"y  «''» 
•«»nnnended  to  pSv  PhTlL^i'T ""''  ''^'> 
a  temple  at  Alexandria  .i'^"""  *" ''""d 
vault  a  statue  SZ^eTb/thr?,  '"  •'*' 
power  of '<,oadstones."''"tt;aL„'"mS 
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of  a  statue  being  suspended  in  like  manner 
m  the  temple  of  Serapis,  Alexandria. 

It  IS  claimed  that  the  Chinese  knew  of  and 
^r/  ^^F^^^*"  needle  in  the  earliest  times 
and  that  travelers  by  land  employed  this 
n^dle  suspended  by  a  string  to  guWe^them  i^ 

years    before    Christ.     Notwithstanding    the 
ola.ms  of  the  Chinese  and  Arabians  to  "he  dis! 
covery  of  the  use  of  the  magnetic  n^dle 
modern  authors  question  whethef  the  ancTents 
were  famihar  with  any  artificial  construction 
of  a  magnetic  needle,  however  much  they  may 
5^™/«'f»  «nd  used  the  loadstones.      No 
doubt  the  loadstone  in  its  natural  state  was 
used  by  manners  to  steer  their  ships  by,  long 
before  its  artificial  counterpart  was  inLtof 
In  a  history  of  the  discovery  of  IcelandX^ 
Frode.  wLo  was  bom  in  1068,  it  is  stakf  that 
IZT'   "^  ".^""^  "^  ^""'^  Gadenhalen  sailed 

Z.^TIl"  '""•*  0*  lee'^nd  «  the  year 
868,  and  that  he  carried  with  him  three  ravens 
as  guides,  for  he  says,  "  in  those  times  seamen 

Tht  m,Lw-*°"''ir  *•■«  ""^hem  countries." 
The  magnetic  needle  as  applied  to  the  mari- 
ners compass  was  known  in  the  eleventh  cen- 

e^'r  tC"'  ■■''  ."""nn^^iP*  of  which  still 
wWasIlttnsr  '"'"'"•  "'  ^™^«"-' 


n 
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his^^4.  b«  S;  T^'*'^  '•-  had  a  long 
mode™  times  be^onTZ?  Tl*  "'  '*  «» 
compass.  It  can  Cdi  A  ^en  whaT""^''' 
porfant  factor  it  wnc  ;„  ♦!,  •  °"*  ^"  "»" 
tion.      Long    ItZ   ".f «  !<»«°««  of  naviga- 

oompass  needle  there  tLT""'^    °*    *« 

problems  arising.lTalT:rrtsTLr^'^"'"« 
advanced  to  account  for  the  ^T"' T* 
nomena.    The  var,•»t■•.^„    1 1       various   phe- 

of  these  problems" Tis  saw  tTf '^r  °"« 
was  the  first  tn  ^  =„        1  "^  *"*  Columbus 

needle,  as  wU*  "as'TS^Vr-*'!?.  "^  *« 
however,  as  every  man's  ;rJi^"  ''"'•""'* 
are.  However  thk  may  be  rTT  T"^^^ 
invent  some  nlanaiwl  ,v    '  Columbus  had  to 

this  variation  to  p^etnfn/"  ''"""'"'  ^»' 
crew.       They   wer^™  *"^  *"<>"»  his 

thought  thaf  tW  wl  e'^sairr^r  """ 
world  where  the  lawrof  „!,  *^  "'*°  "  "^" 
from  those  of  Spa.™    O^T  """  "''*«''«»« 

disturbed  CowTwas  the  dwT""  ^i-,"' 
As  we  move  in  a  nnrf^    i     7-^       *^®  "^^^^e. 

of  this  rhenomenl  ^n  r/''  *^,^  observation 
finally  resXd  in  fh.^  ^^'''"*  ^"*^*"^^«  that 
needle.    B    s^^^n  to^^^^ 

magnetic  needle  pofntsTo  tt  """l^'^'  '^  ' 
other  to  the  south  Tn  .1^  ''^'■*^  ^"^  ^^^ 
called  the  north  nnl//^^"  '"^"^^'  ^^^t  i« 

oneofthemagttirnolel^  P«^"*'^  *« 

«gnetic  poles  of  the  earth  which  is 
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m  the  direction  of  the  north  pole,  though  not 
the  same  as  the  geographical  pole.  A  dipping 
neece  revolves  on  an  axis  so  that  it  can  point 
to  any  declination.     If  we  should  construct 
one  that  is  perfectly  balanced,  so  as  to  lie  in 
a  perfectly  horizontal  direction  before  it  i^ 
magnetized,   it  will   dip-in   this   latitude- 
downward  toward  the  north  after  magneti- 
zation.   If  we  keep  moving  northward  it  will 
continue  to  dip  downward  till  we  come  to  the 
true  magnetic  pole,  when  what  is  called  the 
north  pole  of  the  needle  will  point  directly 
downward     If  we  go  back  to  the  equator  the 
needle  will  he  horizontally  again.    We  call  the 
end  of  the  needle  that  points  to  the  north  the 
north  pole.    It  is  really  the  south  pole,  be- 
cause unlike  poles  attract  each  other.    If  the 
magnetic  poles  of  the  earth  are  at  the  north 
and  south  geographical  poles,  the  south  pole 
of  the  needle  will  point  north.    But  it  is  less 
confusing  to  call  the  end  of  the  needle  that 
points  north  the  north  pole.    The  nomencla- 
ture IS  purely  arbitrary. 

It  was  not  until  it  was  learned  that  magnets 
could  be  made  by  electricity  that  they  became 
commercially  important  outside  of  their  use 
m  navigation.  The  advent  of  electricity  has 
brought  magnetism  to  the  front  as  one  of  the 
great  factors  in  our  modem  civilization.  And 
we  might  say  with  equal  force  that  th*e  dis- 
covery of  magnetism  has  brought  electricity 
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inmodemltfe  if  ff"°  ""P"*/""*  "s  a  factor 

impossible,  commerckHvTf'f^^  ™""  "^ 

part  magn'etZ  S'^;'Vh7''^"°*.*"*'' 
electricity  for  thisTrpl  V  1!?''™  »* 
successfully  carried  1      -tl        T'**  •""*  *« 

the  storage  battcrv.^  T,!*  '"^  '"'"^'^  but 
ovuiage  oattery,  and  the  storaire-battor,,  ,-. 

dependent  upon  the  dynamo  and^h.  j 

«   a   magneto-eleotric   rchine       mj""""' 
come  to  analvzp  fh,.  ..^loT-      i.  ^'^^^  ^e 

ism  and  eSrici^y  ^e  canno^lr"  f'T^*" 
without  robbing  each  oH  1»      """'^  "'^"' 

intheother  anXf?  V°'  '^™'"°8  ''ith- 

normal  moCitnLt;'^^^^^     "^  *•"«' 
affects   the  TX^^*"^,-''^  other 

cranks  in  those  days  astu  a"  now^'LoTw 

&-:'  b^o^r  iTd  r  ^'•i  f-  -- ^» 

oping  nor*   polarity  and  "th?7.°'^  '^'^'^- 
Dolarifv     Tr,   ,V      "^    ^^^^    toe    other    south 

tion  will  be  discts^*''*  »*  '-"^^'^  -vestiga- 


CHAPTER  IV. 

THEOBV  AND  NATURE  OP  MAONETISK. 

Iron   and   steel   have   a   peculiar   property- 
called  m^etism.    It  is  an  attraction  in  many 

attraction  of  gravitation.  It  is  very  certain 
that  magnetism  is  an  inherent  property  of  the 
molecules  of  iron  and  steel,  and,  to  a  smaU 

saTThel'T  'r^  «^""'«-     That  irto 

say  the  molecules  are  little  natural  magnets 
of  themselves.  It  is  as  unnecessary  tolS 
why  they  are  magnets  as  it  is  to  inquire  X 

.™,r    «'"'  ?*  ""  ""^'"^^  substances  po^ 
sess  the  attraction  of  cohesion.    The  one  is  a, 
easy  to  explain  as  the  other.      Peopro'al 
ages  have  insisted  upon  making  a  greater 
mystery  of  all  electrical  and  mfgnetio  nW 
nomena  than  they  do  of  other  natural  Ws 
^mpere's  theory  is  that  electric  currents  are 
flowing  around  the  molecules  which  rende" 

motcule      m  "  '"\'°''r°*  '>"''l'*y  of  «te 
molecule.      (The  word  molecule  is  here  used 

"lit"?-?*,*"  *«  ^oU-t  particle  of  Tronf 
These  little  molecular  magnets,  so  small 

as 
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that  100,000  million  miUion  million  of  them 
can  be  put  into  a  cubic  inch  of  space,  have 
their   attractions    satisfied    by   forming    into 
httle  molecular  rings,  with  their  unlike  poles 
together,  so  that  when  the  iron  is  in  a  natural 
or  unmagnetized  condition  it  does  not  attract 
other  iron.    If  I  should  take  a  ring  of  hard- 
ened steel  and  cut  it  into  two  or  more  pieces 
and  magnetize  them,  each  one  of  the  pieces 
would  be  an  independent  magnet.      If  now  I 
put  them  together  in  the  form  of  a  ring  they 
will  clmg  together  by  their  mutual  attraction 
for  each  other       Before  I  put  them  together 
into  a  ring  each  piece  would  pttract  and  adhere 
to  other  pieces  of  iron  or  steel.    But  as  soon 

satisfied  with  their  own  mutual  attraction, 
and  the  ring  as  a  whole  will  not  attract  othe^ 
pieces  of  iron. 

Suppose  the  pieces  forming  the  ring-it  may 
be  only  two,  if  you  choose-are  as  small  as 
the  molecules  we  have  described,   the   same 
thing  would  be  true  of  them.    Each  molecular 
ring  would  have  its  magnetic  attractions  satis- 
fied and  would  not  attract  other  molecules  out- 
side of  Its  own  httle  circle.     When  the  iron 
IS  m  the  neutral  state  it  will  not  as  a  mass  at- 
tract another  piece  of  iron,  because  the  mil- 
lions of  httle  natural  magnets  of  which  it  is 
made  up  have  their  attractive  force  aU  turned 
m  upon  themselves. 
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Now,  if  we  make  a  helix,  or  coil,  of  insulated 
wire  and  put  a  piece  of  iron  into  it,  and  pass 
a  current  of  electricity  through  the  helix,  the 
iron  becomes  a  magnet.    Why?  Because  the 
electric  current  has  the  power  to   break  up 
these  molecular  magnetic  rings  and  turn  all. 
their  like  poles  in  one  diroction,  so  that  their 
attractions  are  no  longer  satisfied  among  them- 
selves  and  with  a  combined  effort  they  reach 
outside  and  attract  any  piece  of  iron  that  is 
withm  reach.    In  th.s  state  we  say  it  is  mag- 
netized.   Most  people  think  that  we  have  put 
something  into  the  iron,  but  we  have  not;  we 
have  only  developed  and  made  active  its  in- 
herent power.    It  must  be  kept  in  mind  that 
It  takes  power  to  develop  this  magnetic  power 
from  Its  state  of  neutrality  and  that  something 

l^r^'I"''^^   ^f"^   "°*^^"^-      When    this 
power  IS  developed  it  will  do  work  in  falling 

ural  fo'.i     ""i"'"/  ''''''     T^^  P°^^r  is  nat 
ural  to  the  molecules  of  the  metal.    Tt  is  only 

being  exerted  in  a  new  direction.  The  millions 
I-      "Jf  """^^  i-agnets  have  been  forced  to 
combine  their  attractions  into  one  whole  and 
exert  it  on  something  outside  of  themselves 
Ihey  are  under  a  strain  in  this  condition  like 
a  bent  bow,  and  there  is  a  tendency  to  fly 'baek 
to  the  natural  position,  and  if  it  is  sof^  iron 
and  not  steel,  they  will  fly  back  as  soon  as   he 
power  that  wrenched  them  apart  and  is  holding 
them  apart  is  taken  away.     This  power  is  th? 
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electric  current  Now  break  tho  current,  and 
the  ittle  natural  magnets,  that  have  been  so 
ruthlessly  torn  from  their  home  circle  attach- 
ments, fly  back  to  them  again  with  the  speed 
of  ligntnmg,  and  the  iron  rod  as  a  whole  is 
no  longer  a  magnet.  The  power  to  become  so 
iSent         ^^^''^"^^^  »t^ai°  is  in  it  still-only 

The  kind  of  magnet  that  we  have  been 
describing  is  called  an  electromagnet.  It  is 
a  magnet  only  so  long  as  the  electric  current 
IS  passing  around  it.  There  is  another  kind 
of  magnet  called  a  permanent  magnet  that  wiU 

!Z!f'  ^Y"®  P^'^anent  magnet  is  made  of 
steel  and  hardened;  then  its  poles  are  placed 
0  the  poles  of  a  powerful  magnet,  eithe^elec- 
tro  or  permanent,  when  its  molecular  ring., 
are  wrenched  apart  and  arranged  in  a  polarized 
position  as  heretofore  described.  Now  take  it 
away  from  the  magnet  and  it  will  be  found  to 

flv  r.w\°''^'''*''°'V  ^^"  '"^^^^"l^^  tend  to 
fly  back  the  same  as  those  of  the  soft  iron,  but 

they  cannot  because  hardened  steel  is  so  much 

finer  grained  than  soft  iron,  and  the  modes 

are  so  close  together  that  they  are  held  in 

force  "  Th:  ^t"^  *^^.*  ''  ^^"^^  ''^  <^---e 
fZTfhJ  ^  *  r^"  ''  ^comparatively  free 
are  frle  to  T'"'  force,  because  its  molecules 
are  free  to  move  on  each  other,  so  that  when 
they  are  wrenched  out  of  their  nktural  posUion 
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The  molecules  of  Ifadred'r."  """'"  '"^''^• 
fly  back,  although  thevtenrf^  are  unable  to 
much  as  in  the  iron  and  »oi-  ''°,?'  ^''^'  «^ 
manent  maenet     tV^'       .      ,'*  "  """^d  «  Per- 

mate  in  his  aims-  elcl,  "^  ^''<'  "'"^P  h'^ 

force  of  ten Tu^dT  and  1;,'"^'  il'^'^'"^  « 
force  of  twenty  ^unds  to  In^^^  "^""^  « 
pairs  apart.  iC  fil  "^  *"^  ""^  "*  the 
force  of  one  hundr!/  P^'"  ">•«  "verting  a 
not  felt  outside  of  fhr""J^''  '"'*  *'^  f°'o«  « 

"nclasp  .h"S:eVa:dlt\oH";^*  *"«■" 
that  is  tied  to  a  nn«/     ^™„hold  of  a  rope 

-me  force  th'atX  'we'^'ulr'i,''^!'  *"« 
pounds  each,  and  all  ^„n-l^'  *"  ^'*'  *en 

tion,   and  they  would  nut   »*?  '?"*  '^'^■ 

hundred  pounds  upon  thelitr"''""  "^  ""o 
that  they  were-  exert,!!.  "^     '  ^^^  ^""^  PO'^er 

fore  the/combinedftS  eC  ''"^'™»  ">- 
outside  of  themselvea%f ^UhThfr*'"* 
So  long  as  the  force  of  ««„^       i      ,     magnet. 
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their  combined  force  is  felt  outside.  The 
analogy  may  not  be  perfect,  but  it  will  help 
you  to  get  a  mental  picture  of  what  takes  place 
m  iron  when  it  is  magnetized. 

We  have  now  described  the  magnet  and  the 
inherent    power    residing    in    the    molecular 
structure  of  iron.      It   is   this   magic   power 
slumbering  in  its  molecules  and  the  ability  of 
the  electric  current  to  arouse  them  to  action 
at  will  and  to  hold  them  in  action  and  at  will 
let  them  fly  back  to  their  normal  position,  that 
gives  to  electricity  and  magnetism— twin  sis- 
ters m  nature's  household— their  great  value 
as  the  servants  of  man.      There  would  be  no 
virtue  m  winding  up  a  weight  if  it  could  not 
run  down  and  do  work  in  its  fall.      Simply 
bending  a  bow  would  never  send  the  arrow 
flying  over  its  course;  it  must  be  released  as 
well.     The  magnet  could  not  accomplish  the 
great  work  it  does  if  we  could  only  charge  it 
and  not  have  the  ability  to  discharge  it.  With- 
out this  ability  the  electric  motor  would  not 
revolve,  the  electric  light  would  not  burn,  the 
click  of  the  telegraph  would  not  be  heard,  the 
telephone  would  not  talk,  nor  would  the  telau- 
tograph write. 

I  have  said  that  the  permanent  magnet 
would  hold  its  charge  after  once  having  been 
magnetized.  This  is  true  only  in  a  sense  and 
under  favorable  conditions.  If  made  of  the 
best  of  steel  for  the  purpose  and  hardened  an4 
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tempered  in  just  the  right  way,  it  will  hold  its 
charge  if  it  is  given  something  to  do.  If  a 
piece  of  iron  is  placed  across  its  poles  it  also 
becomes  a  magnet  and  its  molecules  turn  and 

ma'lr  tT""^  '''^^  *^"^«  «^  the  mother 
magnet.  These  magnetic  lines  of  force  reach 
around  in  a  circuit.     Even  before  the  iron   or 

note  ''  %''  ^""^^'  ^^  l-t  «-ross  its 
po  es  there  are  lines  of  force  reaching  around 
th  ou^h  the  air  or  ether  from  one  pole  to  an- 

V  Tl.-  •'  ""  ;  T'i.P'^^'^  •'^  ^^^^^  «^e  Chap, 
y.)  This  is.called  the  « field  "  of  the  magnet, 
and  when  the  iron  is  placed  in  this  field  the 
Imes  of  force  pass  through  it  in  A  closed  cir- 
cuit, and  If  the  "keeper"  is  large  enough  to 
take  care  of  all  the  lines  of  force  in  the  field 
the  magnet  will  not  attract  other  bodies,  be- 
cause  Its  attraction  is  satisfied,  like  its  pioto- 
type  m  the  molecular  ring  described  above. 

We  speak  of  lines  of  force,  not  that  force  19 

necessarily  exerted  in  a  bundle  of  lines  but  as 

.  ^«««\e.n^ent  way  of  telling  the  strength  of  a 

magnetic  field.     The   practical   limit   of  the 

TlS  oorr '"  1  'f  '''''  ^^^"^  saturation) 
18  18,000  lines  to  the  square  centimeter.    As 

«n  IM""^  ^'""^  our  magnet  something  to  do, 
up  to  the  measure  of  its  capacity,  it  wiU  keep 

with  It,  thousands,  yea,  millions  of  them,  and 
It  not  only  does  not  lose  its  power  but  may  be 
even  stronger  for  having  done  this  work     H 
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however,  we  hang  it  up  without  its  «  keeper  « 
and  give  It  nothing  to  do,  it  gradually  returns 
to  Its  natural  condition  in  the  home  circle  of 
molecular  rings.  Little  by  little  the  coercive 
iorce  IS  overcome  by  the  constant  tendency  of 
the  molecule  to  go  back  to  its  natural  position 
among  its  fellows. 

The  magnet  furnishes  many  beautiful  les- 
sons, as  indeed  do  all  the  natural  phenomena. 
Every  man  has  within  him  a  latent  power  that 
needs  only  to  be  aroused  and  directed  in  the 
right  way  to  make  his  influence  felt  upon  his 
fellows.    Like  the  magnet,  the  man  who  uses 
his  power  to  help  his  fellows  up  to  the  measure 
of  his  limitations  not  only  has  been  a  bene- 
factor to  his  race,  but  is  himself  a  stronger 
and  better  man   for  having  done   so.    But, 
again,   like   the  magnet,   if  he  allows   these 
God-given  powers  to  lie  still  and  rust  for  want 
of  legitimate  use  he  gradually  loses  the  power 
he  had  and  becomes  simply  a  moving  thing 
without  influence  or  use  in  a  world  in  which 
he  vegetates.    But  let  us  leave  philosophy  and 
go  back  to  science. 

.  One  of  the  striking  exhibitions  of  magnet- 
ism IS  found  m  the  earth.  The  earth  itself  is 
a  great  magnet;  and  there  is  good  reason  for 
believing  that  it  is  an  electromagnet  of  great 
power.      The  magnetic  poles  of  the  earth  are 

^oiJ^aV''''''^^''^  ^^*^  *^^  geographical 
poles,  and  they  are  not  constant.    There  is  a 
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gradual  deviation  going  on,  but  as  it  follows 
a  certain  law  mariners  are  able  to  tell  just 
what  the  deviation  should  be  at  a  certain  time. 
Ihe  magnetic  pole  revolves  around  the  polar 
axis  ot  the  earth  once  in  about  320  years.      A 
thermal  current   (one  produced  by  heat)   of 
electricity   seems   to   flow   around  the   earth 
caused  by  the  irregularities  of  temperature  at 
the  earth  s  surface,  as  the  sun  makes  his  daily 
round       These  earth  currents  vary  at  times, 
and  other  phenomena  are  the  occasion.    This 
will  be  discussed  when  we  come  to  electric 
storms. 

The  value  of  the  earth's  magnetism  is  seen 
most  m  the  science  of  navigation.    A  mag- 
netic  needle  is  only  a  slender  permanent  mag- 
net  suspended  very  delicately,  and  when  not 
under  local  influence  it  points  north  and  south 
on  the  magnetic  axis.     The  law  of  its  action 
may  be  explained  as  follows:  Take  a  straight 
bar  magnet  of  fairly  good  power  and  suspend 
a  magnetic  needle  over  it.     The  needle  will 
arrange  itself  parallel  to  the  bar  magnet.    The 
north  pole  of  the  needle  will  point  Wrd  the 
south  pole  of  the  bar  magnet.    In  the  presence 
of  the  magnet  the  needle  is  not  affected  by  the 
earth,  but  yields  to  a  superior  force.    If,  how- 
ever the  bar  magnet  is  taken  out  of  the  way 
of  the  needle  It  will  immediately  arrange  it^ 
self  north  and  south.    Of  course  if  the  earth's 
magnetic  axis  changes  the  needle  will  vary 
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with  It.  ^  This  variation  is  uniform  and  in  nav- 
igation 18  reduced  to  a  science,  so  that  the  mari- 
ner knows  how  much  to  allow  for  the  varia- 
tion. Columbus,  as  heretofore  mentioned,  was 
supposed  to  have  first  noticed  this  varia- 
tion and  it  made  him  trouble.  He  did  not 
know  how  to  account  for  it,  and  as  his  crew 
thought  the  laws  of  nature  were  changing  be- 
cause they  were  «o  far  from  home  he  saw  the 
necessity  for  some  sort  of  explanation.  So, 
like  the  brave  man  that  he  was,  he  hatched  up 

?n  i'°T-  t^*  f  V'^"^  *^^  ^^^^'  ««d  although 
m  the  light  of  the  closing  years  of  the  nine- 
teenth century  it  was  a  questionable  one,  it 
worked  well  enough  in  practice  to  serve  his 
purpose. 

We  have  already  stated  that  the  earth  was  a 
great  magnet,  and  that  probably  it  was  an 
electromagnet,  caused  by  earth  currents  cir- 
culating around  the  globe.  You  want  to  know 
how  the  earth  can  be  a  magnet  unless  it  has  an 
iron  core  like  an  electromagnet.    Magnetism 

^it^orrf  '^""  ^'  'r'  ^'^  ^^  ~ed 

without  the  presence  of  iron.  When  we  nass 
a  current  of  electricity  through  a  wirrmag! 
netic  Imes  of  force  are  thrown  out  at  right 
angles  with  the  direction  of  the  current  This 
will  be  fully  explained  further  on.  If  we  wind 
the  wire  into  a  coil,  or  helix,  these  magnetic 
lines  are  concentrated.  If  now  we  suspend 
this  hehx,  or,  better,  float  it  on  water  so  Zat^t 
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can  move  freely,  and  pass  a  current  of  elec- 
^!^l^  t^/«"gh  it»  the  helix  will  arrange  itself 
north  and  south  the  same  as  a  magnetic  needle. 
Its  attractive  properties  are  feeble  in  com^ 
parison  with  that  of  the  iron,  but  it  obeys  the 
laws  of  a  magnet.  The  earth  is  probably  a 
oilovce  ^^^'  <^onsisting  mostly  of  lines 

mfnrr'ii'  *^'  ''""l  '"^  *^^  ^^^^  '^  effected 
magnetically,  as  we  have  evidence  in  the  load- 
stone.   The  earth  has  the  power  also  to  mag- 
netize iron  through  the  medium  of  its  mag- 
jetic  fie  d,  that  reaches  out  in  lines  of  force 
from  pole  to  pole  like  those  of  the  artificial 
magnet.    If  we  hold  a  bar  of  iron  in  line  wUh 
the  magnetic  axis  of  the  earth  and  dip  it  in 
line  with  the  dipping  needle  and  then  strike  it 
a  few  blows  on  the  end,  it  will  be  found  to  be 
feebly    magnetic.       The    blows    have    partly 
W  7i?  *^'  "^^1^^^^^^  and  during  the  moment 
that   they   unclasped   themselves   the   earth's 
magnetism   has   through   its   lines    of   force 
caught  them  for  a  time  and  held  them  a  little 
out  of  their  natural  position~as  they  are  in  a 
state  of  rest.      The  peculiar  changing  ligh? 
that  we  sometimes  see  in  the  northern  sky, 
that  IS  called  the  Aurora  Borealis  (Northern 
Light)    IS  indirectly  due  to  intense  magnetic 
lines  of  force  that  radiate  from  the  north  mag- 
netic pole  of  the  earth,    Those  lines  of  force 
are  able  to  cause  the  rarified  air  molecules  to 
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aZarL^^  >ncande8cent,  giving  them  the 
appearance  that  we  see  in  a  tube  that  is  a 
parfal  vacuum  when  electricity  is  palsed 
through  .t  While  these  auroral  dispLys  ma^ 
be  seen  almost  any  night  in  the  far  north 
they  vaiy  greatly  in  their  intensity,  so  it  is 
only  once  m  a  while  that  they  are  risTble  i^ 
the  temperate  latitudes. 

What   are   called   magnetic   storms   occur 
occasionaHy,  and  at  such  times  theTleS 

eist  and  west  hres  for  many  hours.  Strong 
earth-currents  will  flow  east  and  we^ ,  and  S 
powerful  and  so  erratic  that  it  is  somettoiS 

Sns  tL*:  r  *'^  ^^'^^^P""-  I'  ^^^^ 

nappens  that  the  operators  can  throw  off  their 
batteries  and  work  on  the  earth-cnrrlt  a  „ne 
Some  ;mes  it  .s  necessary  to  make  a  complete 
metaUic  circuit  to  get  away  from  the  iXence 
of  the  earth  in  order  to  use  the  telegraplu  C^ 
rents  equal  to  the  force  of  2,W0  cell  rf 
ordmMT  battery  have  been  devdoped  some 
t.mes  in  telegraph  wires.    This  of  Crse  ka 

s  tdirth:'  ^""U'  ""r^  *-^  ^ 

earth  under  the  wire  through  which  the  cur- 

t>er,  1882,  a  magnetic  storm  occurred  that  ex. 
tended  around  the  globe,  as  it  w^  felt 
wherever  there  were  telegraph  wi^.    V^ 

riarof^th;'""  '''  "'^'"^'^  •'^  brilliant  dt 
plays  of  the  aurora,  and  this  fact  strengthens 
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TaJn^V^^l  '^'  '^''^  ^«  «  «reat  electro- 
magnet,  for  the  stronger  the  electrical  cur- 
rent the  more  powerful  we  should  exnect  fh« 
magnetism  to  be,  and  this  is  shown  bv  It 

look  into  one  of  tl.JsX\:l^jJ:;-;'_ 
dently,  the  sun  affects  the  earth  by  radLIIl 
magnetic  lines  of  force  which  are  cut  bflh! 
Zt^^ir'Tr  ''""l/» --tin^currel* 

£^f ;  tr^^^Xi^^l^t-'-^L^^ 

great    dynamo-electric    machine       Tf    I    1i 

ru;Ks;:^-=]^L~ 
prth^^t^rr^-^-tr-F 

for  a  brief  while  in  the  re™  Sn "f  the  e"  rth' 
about  the  sun,  these  extra  potent  ™ysstSe 


dd 


Hature'0  Afracled. 


the  earth,  an  unusual  energy  is  developed,  and 
these  unusual  phenomena  are  the  consequence. 
lUese  phenomena  seem  to  occur  periodically 
s^*"^  years  (about  eleven)  intervening. 

AH  the  forces  and  phenomena  of  nature  are 
thus  seen  to  be  in  a  state  of  unrest.    And  it  ia 
to  this  unrest,  which  does  not  stop  with  visible 
things  but  pervades  even  the  atoms  of  matter 
throughout  the  universe,  that  we  are  indebted 
for  the  ability  to  carry  on  all  the  activities  of 
life  and  for  Hfe  itself.      For  universal  quiet 
would  mean  universal  death.    The  cyclone  and 
tornado  that  devastate  and  strike  terror  to  a 
whole  region  are  only  eccentricities  of  nature 
When  she  is  setting  her  house  to  rights     The 
play  of  natural  forces  has  disturbed  her  equi- 
librium, and  she  is  but  making  an  effort  to 
restore  it. 


CHAPTEE  V. 

THEORY  OF  ELECTRICITY. 

«r,5"-*^®.r"?  ""^  chapters  on  Heat  (Vol.  II) 
and  m  the  chapter  on  Magnetism  the  word 

w^th  .to  """"  f  ^T"*l^  "^^^  synonymously 
with  atom.  In  chemistry  a  distinction  is 
made,  and  as  we  can  better  explain  the  theory, 
at  least,  of  electric  ty  by  keeping  this  distinct 
tion  m  mind  we  will  refer  to  it  here. 

8  xty  and  seventy  elementary  substances.  An 
elementary  substance  cannot  be  destroyed  as 

and  fori  T  ^^  r^*"^  ^^*^  «*^^^  «l^°^ents 
1?«.  ^^™  ^h^^^,«al  compounds  of  almost  end- 
less variety  The  smallest  particle  of  an  ele- 
mentarv  substance  is  called  in  chemistry  an 
atom     The  smallest  particle  of  a  compound 

theurtoAi      ^l^^^^t^and  the  molecule  is 

fh!n  .1,  ?  .1,      compound  as  such.    It  follows, 

!f n^'  !u^'^  ^""^  ^'  "'^"y  ^iffe^ent  kinds  of 

d  r     T^^^r  r'  "^^"^^'^^^^  «^d  as  many 
different  kinds  of  molecules  as  there  are  com- 

stnicture  then  two  or  more  atoms  of  the  same 
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kind  must  combine  to  make  a  molecule  of  an 
elementary  substance.  Two  atoms  of  hydro^ 
gen  combine  with  one  of  oxygen  to  form  one 
molecule  of  water.  It  cannot  exist  as  water  in 
any  smaller  quantity.  If  we  subdivideTt  it  no 
longer  exists  as  water,  but  as  the  original  gas^ 
from  which  it  was  compounded.  ^ 

We  have  shown  in  the  seri..s  on  .Sound,  Heat 

Sound  IS  transmitted  in  longitudinal  warn 
through  air  apd  other  material  substanTe^ 
vibration.     Heat  is  a  motion  of  the  ulSmate 
particles  or  atoms  of  matter,  and  Light  Ts  a 
motion  of  the  luminiferous  ether  transmi  ted 
m  waves  that  are  transverse.      Electric™ 
also  undoubtedly  a  mode  of  motion  rela  Jin 
Tr     .iTfu^  *^^  ^*^™^  of  *i^«  conductor, 
duction  and  radiation.    The  former  transmits 
to  TJ^^  '  transference  of  motion  from  atom 
to  atom  or  molecule  to  molecule  within  the 

of  fhetb'  '""'I'T'  ^'''  ''  "^^  «  -brat  on 
IL^  !  outside-as  light,  radiant  heat, 
and  electromagnetic  lines  of  force 

r.M  ^J'V'f  Tx*  ""^  *b°««  P^^sons  who  have 
not  read  Vol.  II,  where  the  nature  of  ethir 
IS  discussed  somewhat,  let  us  refer  to 1? 
here,  as  it  plays  an  important  part  in  the  ex- 
planation of  electrical  phenomena.  Ether  is  a 
tenuous  and  highly  elastic  substance  that  fills 
m  interstellar  and  interatomic  space,    It  h^s 
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few  of  the  qualities  of  ordinary  matter.  It  is 
continuous  and  has  no  molecular  structure.  It 
SpT  P^?*'^^"  resistance,  and  the  closest- 
gramed   substances   of   ordinary   matter   are 

to  the  finest  flour.    It  fills  all  space,  and   like 
eternity,  it  has  no  limits.       Some  physic^S^^ 
suppos^and  there  is  much  plausibiiu/  n  th^ 
supposition-that  the  ether  is  the  one  sub! 

ThaTth?  t''  "^V^^  ^"  '''"^^  ''  matter  come. 
Ihat  the  atoms  of  matter  are  vortices  or  little 
whirlpools  in  the  ether;  and  that  rigidity  and 

W  T^^'''':  '/  ^'"^'  ^"  «"«^  in  the^her 
from  different  degrees  or  kinds  of  motion. 

f  Jif     w  ^  ''  "1°*  ^  ^"^^'  °^  «^y  f  «"n  of  ma- 
terial  substance,  but  a  form  of  energy.  Energy 

IS  expressed  m  different  ways,  and,  while^ 

energy  it  is  one  and  the  same,  we  call  it  by 

different    names-as   heat    energy,    chemical 

energy,  electrical  energy,  and  so  on.    They  wiU 

all  do  work,  and  in  that  respect  are  alike.  One 

difficulty  m  explaining  electrical  phenomena  is 

the  nomenclature  that  the  science  is  loaded 

down  with.     AH  the  old  names  were  adopted 

when  electricity  was  regarded  as  a  fluid,  hence 

he  W  "current."    It  is  spoken  of  as  "floT 

flots  ''*'*  ^"""^  ^""^  '"'^'■^  *^^°  l^gh* 

If  a  man  wants  to  write  a  treatise  on  elec- 

tricity    outside  of  the  mere  phenomena  and 

apphcations-and  wants  to  make  a  large  book 
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of  it,  he  would  better  tell  what  he  does  not 
know  about  it,  for  in  that  way  he  can  make  a 
volume  of  almost  any  size.  But  if  he  wants 
to  tell  what  it  really  is,  and  what  he  really 
knows  it  is,  a  primer  will  be  large  enough. 
This  much  we  know — that  it  is  one  of  many 
expressions  of  energy. 

Chemistry  teaches  that  heat  is  directly  re- 
lated to  the  atoms  of  matter.    Atoms  of  dif- 
ferent substances  differ  greatly  in  weight.  For 
instance,  the  hydrogen  atom  is  the  unit  of 
atomic  weight,  because  it  is  the  lightest  of  all 
of  them.      Taking  the  hydrogen  atom  as  the 
unit,  in  round  numbers  the  iron  atom  weighs 
as  much  as  56  atoms  of  hydrogen,  copper  a 
little  over  63,  silver  108,  gold  197.  ^Heat  acts 
upon  matter  according  to  the  number  of  atoms 
in  a  given  space,  and  not  as  its  weight.  Know- 
ing the  relative  weights  of  the  atoms  of  the 
different  metals  named,  it  would  be  possible 
to   determine   by  weight   the  dimensions   of 
different  pieces  of  metal  so  that  they  will  con- 
tain an  equal  number  of  atoms.      If  we  take 
pieces  of  iron,  copper,  silver  and  gold,  each  ox 
such  weight  as  that  all  the  pieces  will  contain 
the  same  number  of  atoms,  and  subject  them 
to  heat  till  all  are  raised  to  the  same  temper- 
ature, it  will  be  found  that  they  have  all  ab- 
sorbed practically  the  same  quantity  of  heat 
without  regard  to  the  different  weights  of  mat- 
ter.   It  will  be  observed  that  the  piece  of  sil- 
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ver,  for  instance,  will  have  to  weigh  nearly 
twice  as  much  as  the  iron  in  order  to  conS 
the  same  number  of  atoms,  but  it  wiu'S 
the  same  amount  of  heat  as  the  piece  of  hon 
containing  the  same  i.umber  of  afomT,  if  blth 

TilT^  *°  f"  ^""'^  temperature.    In  viet 
of  the  above  fact  it  seems  that  heat  ac  J  es 
pccially  upon  the  atoms  of  matter  and  is  a 

s  .Ti:r  '* f r'"=  °«"*'°°-  Heat ii: 

kmd  ^.f  motion  of  the  atoms,  while  electrieitv 
may  be  ano.ljer  form  of  motion  of  the  sT™^ 

ine  earth  has  a  compound  motion.     It  re- 

samTbodv      n  ""J  ^f  «<>n»municated  to  the 
same  body-all  producing  different  results. 

ma^be^.'T-"*  *«  '°"^'"<J"'''  ■"<»»  «»  heat 
may  be,  and  13,  as  rapid  as  light  itself  when 

J^rw^U':steat*r:/rir3 

through  the  ether.     Some  modern  w^iteS  ha v« 
attempted   to  exnlain   nil    .,'*'''"  ^"®rs  Have 

electn^ity  as  h^lrthd    Xi'XTZ^' 
play  of  forces  upon  the  ether/and "toret  «o 
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doubt  but  that  the  ether  plays  an  important 
part  in  all  electrical  phenomena  as  a  medium 
through  which  energy  is  transferred;  but 
ether-waves  that  are  set  in  motion  by  the  elec- 
trical excitation  of  ordinary  matter  are  no 
more  electricity  than  the  ether-waves  set  up 
by  the  sun  in  the  cold  regions  of  space  are  heat. 
They  become  heat  only  when  they  strike  mat- 
ter. Heat,  as  such,  begins  and  ends  in  matter; 
— so  (I  believe)  does  electricity. 

Do  not  be  discouraged  with  these  feeble  at- 
tempts to  explain  the  theory  of  electricity.  All 
I  even  hope  to  do  is  to  establish  in  your  minds 
this  fundamental  thought,  to  wit,  that  there  is 
really  but  one  Energy,  and  that  it  is  always 
expressed  by  some  form  of  motion  or  the  abil- 
ity to  create  motion.  Motions  differ,  and 
hence  are  called  by  different  names. 

If  I  should  set  an  emery-wheel  to  revolving 
and  hold  a  piece  of  steel  against  it  the  piece 
of  steel  would  become  heated  and  incandescent 
particles  would  fly  off,  making  a  brilliant  dis- 
play of  fireworks.  The  heat  that  has  been  de- 
veloped is  the  measure  of  the  mechanical 
energy  that  I  have  used  against  the  emery- 
wheel.  Now,  let  us  substitute  for  the  emery- 
wheel  another  wheel  of  the  same  size  made  of 
vulcanized  rubber,  glass  or  resin.  I  set  it  to 
revolving  at  the  same  speed,  and  instead  of 
the  piece  of  steel,  I  now  hold  a  silk  handker- 
ghi^f  or  a  catskin  against  the  wheel  with  th^ 
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same  force  that  I  did  the  steel.      If  now  I 
provide  a  Leyden  jar  and   some   nointe   to 

anst:;d^fth  t"f ^  *"■"  "'» "« p™-!"-^ 

unstead  of  the  heat  generated  in  the  other 
"r>- .•*.  «°»W  be  found  that  the  energy  dt 

thTf,\!'  ^u^  """  "^  """>'d  exactly  SncV 
th?t  of  the  other,  if  it  were  all  gathered  up  am 
put  into  work.    The  electricity  stored  in  th 
jar  IS  in  a  state  of  strain,  like  a  benrbo4  and 
will  recoil,  when  it  has  a  chance,  with  a  power 

Gainst  It:  ZT  "'  '"''''  """^ '-  "--'»» 

ins/de  Tnd  Th?""  ""^  '■''?  '""'"'^'  ™« '''*  *»>« 

jar   th!,  ;*       ,  '  "'■  ''"'■  *^^  ""t^ide  of  the 
jar,  this  stor,. !  energy  will  strike  me  with  « 

i^ZZV"  ""  ""^  ™^^*^  I  have  p^vTli; 

*;«.    ^u-      .  ■'^*  ^  "1^  It  for  a  lone  enoiiD-}i 

toe  this  olectrical  spring  would  be  wound  up 
to  such  a  tension  that  the  recoil  would  destroy 

SL  i*""  ''***  '°  the  first  case  were 

gathered  up  and  made  to  bend  a  Bt\ff7r.T 
and  one  should  put  himself  in  L         '^  l"*' 
released,  this  niJ^hanicTsp^nVwoZsS" 
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from  the  above  illustration  that  heat,  elec- 
trical energy,  and  mechanical  energy  are  really 
the  same.  Then  you  ask,  how  do  they  differ? 
Simply  in  their  phenomena — their  outward 
manifestations. 

While  there  is  much  that  we  cannot  know 
about  any  of  the  phenomena  of  nature,  it  is 
a  great  step  in  advance  if  we  can  establish  a 
close  relationship  between  them.  It  helps  to 
free  electricity  from  many  vagaries  that  exist 
in  the  minds  of  most  people  regarding  it; 
vagaries  that  in  ignorant  minds  amount  to 
superstition.  While  it  possesses  wonderful 
powers,  they  give  it  attributes  that  it  does  not 
possess.  'Not  long  ago  a  favorite  headline  of 
the  medical  electrician's  advertisement  was 
"  Electricity  Is  Life,"  and  it  was  a  common 
thing  to  see  street-venders  dealing  out  this 
"  life  "  in  shocking  quantities  to  the  innocent 
multitudes— ten  cents'  worth  in  as  many 
seconds. 

♦Science  divides  electricity  into  two  kinds- 
static  and  dynamic.  Static  comes  from  a 
Greek  word,  meaning  to  stand,  and  refers  to 
electricity  as  a  stationary  charge.  Dynamic  is 
from  the  Greek  word  meaning  power,  and  refers 
to  electricity  in  motion.  When  Franklin  made 
his  celebrated  kite  experiment,  the  electricity 
came  down  the  string,  and  from  the  key  on 
the  end  of  the  string  he  stored  it  in  a  Leyden 
jar.    While  the  electricity  was  moving  down 
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the  string  it  was  dynamic,  but  as  soon  as  it 

Current  electricity  is  dynamic.    A  closed  tele- 
graphic circuit  is  charged  dynamicaUy,  while 
the  prime  conductor  of  a  f  rictional  electric  ma- 
chine  IS  charged  statically.      The  distinction- 
is  arbitrary  and  in  a  sense  a  misnomer.    When 
we  rub  a  piece  of  hard  rubber  with  a  cat- 
.     skm  It  IS  statically  charged  because  the  sub- 
stances are  what  are  called  non-conductors, 
and  the  charge  cannot  be  conducted  readily 
away.      AH  substances  are  divided  into  two 
classes,  to  wit,  conductors  or  non-electrics,  and 
non-conductors  or  electrics,  more  commonly 
called  dielectrics.    These,  however,  are  relative 
terms,  as  no  substance  is  either  a  perfect  con- 
ductor or  a  perfect  non-conductor. 

The  metaL^,  beginning  with  silver  as  the 
best,  are  conductors.    Ebonite,  paraffine,  shel- 
lac, etc.  are  insulators,  or  very  poor  conductors. 
Ihe  best  conductors  offer  some  resistance  to 
.  the  passage  of  the  current  and  the  best  insu- 
lators conduct  to  some  extent.    If  we  make  a 
comparison  of  electric  conductors  we  find  that 
the  metals  that  conduct  heat  best  also  conduct 
electricity  best     This,  it  seems  to  me,  is  a  con- 
firmation  of  the  atomic  theory  of  electricity 
so  far  as  it  means  anything.      If  a  good  con- 
ductor  as  silver,  is  subjected  to  intense  cold 
by  putting  It  into  liquid  air,  its  conductivity 
18  greatly  increased.      It  is  well  known  that 
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heating  a  conductor  ordinarily  diminishes  its 
power  to  conduct  electricity.  This  shows  that, 
in  order  that  electrical  motion  of  the  atom 
may  have  free  play,  the  heat  motion  must  be 
suppressed. 
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CHAPTER  VX 

ELECTRIC  CURRENTS. 

of  1-       „»,•     *  "S?™*"'  "  «  prominent  part 

tnt^ein^"-?-^-^^' 

excit^  S:nran''dt;Xtirr:Z^^  ^ 
place  of  the  fluid  of  a  battery     Th"   if  •*''? 

SP^"fpXo^rit--i 

;:&rofl:iiif-jrir> 

caching  around  in  a  closed  eircSt  ""• 
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If  we  nib  the  wax  with  the  fur  and  then 
take  It  away  the  wax  has  a  charge  of  electricity 
and  will  attract  light  objects.   If  we  had  rubbed 
a  piece  of  metal  or  some  good  conductor  it 
would  have  been  warmed  instead  of  electrified. 
In  both  cases  the  particles  of  the  substances 
have  been  affected,  and  if  the  atomic  theory  is 
correct— and  it  seems  plausible—in  the  former 
case  the  atoms  are  partly  put  into  electrical 
motion  and  partly  into  a  state  of  electrical 
strain   that  we   call   static    (standing)    elec- 
tricity; while  in  the  latter  case  the  atoms  are 
put  into  the  peculiar  motion  that  belongs  to 
heat.     The  former  we  call  electricity,  and  the 
latter  we  call  heat.  The  electro-atomic  motion 
under   some   circumstances   readily   turns   to 
heat,  which  seems  to  be  the  tendency  of  all 
forms  of  energy.    The  electric  light  is  a  result 
of  this  tendency.    All  non-conductors,  or  elec- 
trics, have  a  complex  molecular  structure,  and, 
while  their  atoms  when  subjected  to  friction 
•are  put  into  a  state  of  electrostatic  strain,  they 
are  not  able  readily  to  respond  as  a  conductor 
of    dynamic    electricity.      The    electric-light 
filament  in  the  incandescent  lamp  is  a  much  , 
poorer  conductor  than  the  copper  wire  that 
leads  up  to  it.      The  copper  wire  is  readily 
responsive  to  the  electrical,  influence,  but  the 
carbon  filament  is  not.      So  electrical  action 
that  freely  passes  along  the  wire,  is  resisted 
and  becomes  heat  action  in  the  filament,  and 
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light  is  the  attendant  of  intense  heat.    But  to 
go  back  to  the  sources  of  electricity 

Frictional  electric  machines  have'  been  con- 
structed m  great  variety.      All,  however,  em- 
brace  the  essentials  set  forth  in  the  sealing, 
wax   experiment,   and   would    be   difficult   t(f 
describe  without  cuts.    Let  us,  therefore,  con- 
sider  another  source  of  electricity,  which  was 
the  outgrowth  of  the  discovery  of  Galvani  (or 
rather  his  wife),  and  reduced  to  concrete  form 
by  Volta.    We  refer  to  the  galvanic  or  voltaic 
battery.    If  we  put  a  bar  of  zinc  into  a  glass 
vessel  and  pour  sulphuric  acid  and  water  into 
It,  there  will  be  a  boiling,  and  an  evolution  of 
hydrogen  gas,  and  energy  is  released  in  the 
lorm  of  heat,  so  that  the  fluid  and  the  glass  ves- 
sel become  heated.    Now  let  us  put  a  bar  of 
copper  or  a  stick  of  carbon  into  the  glass,  but 
not  m  contact  with  the  zinc;  connect  the  ends 
(that  are  not  immersed)  of  the  two  elements- 
copper  and  zinc— with  a  metal  wire  or  any  con- 
ductor, and  a  new  condition  is  set  up.  Heat  is 
no  lon-er  evolved  to  the  same  extent,  but  most 
of  thr  energy  becomes  electrical  in  character, 
and  an  electrical  chain  of  action  takes  place  in 
the  circujt  that  has  now  been  formed.    Taking 
the  zmc  as  the  starting  point,  the  so-called 
current  flows  from  the  zinc  through  the  fluid 
to  the  copper  and  from  the  copper  through  the 
wire  to  the  zinc. 

A  chain  of  polarized  atomic  activity  is  es- 
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tablished  in  the  circuit,  similar  to  the  closed 
circuit  of  magnetic  lines  of  force,  only  the 
latter  is  static,  while  the  former  is  dynamic,  k 
lou  ask  what  is  the  diflFerence?    Well  it  is 
much  easier  to  ask  a  question  than  it 'is  to 
answer  it.     You  will  remember  that  in  the 
chapter  on  magnetism  it  was  stated  that  the 
molecules  of  a  magnet  were  little  natural  mat- 
nets,  and  that  their  attractions  were  satisfied 
withm  themselves;  that  when  their  local  at- 
tachments wc^re  broken  up  and  all  their  like 
poles  turned  in  one  direction  they  could  act 
upon  other  pieces  of  iron  outside  of  the  mag- 
net.   Outside  and  between  the  poles  there  are 
magnetic  lines  of  force  reaching  out  from  one 
pole  to  the  other.    If  we  put  a  piece  of  iron 
across    the    poles    these    lines    of    force    are 
gathered  up  and  pass  through  the  iron.    This 
IS  purely  a  static  condition.    Let  us  go  back  to 
the  cell  of  battery.    When  the  elements  are  in 
position  (the  copper,  the  acidulated  water  and 
the  zinc)    and  the  two  wires  attached  to  the 
two  metals  which  are  the  two  poles  of  the  bat- 
tery not  yet  connected,  there  is  a  condition  in- 
duced in  these  two  wires  that  did  not  exist  be- 
lore  the  acidulated  water  was  poured  in,  al- 
though the  circuit  is  not  yet  established.    If 
we  test  the  two  wires  we  find  a  difference  of  po- 
tential-a  state  of  strain,  so  to  speak-that  did 
not  exist  before  the  acid  acted  on  the  zinc  and 
liberated  what  was  stored  energy.    It  is  in  a 
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ZeZt     """'^'^^  '^f  niagnet,  and  electrical 
so  that  the  ether  is  m  a  state  of  strain  between 

«nhl        r  ^^""^  l^  *^""»  ^^  *^«  ether  as  a 
substance,  because  the  same  conditions  would^ 
practically  exist  if  the  two  wires  wereTn  a 
vacuum     If  now  we  connect  the  two  wires,  we 

?wrn?l  fr  t'"'*""^"  '"^''^  between  the 
two  poles  of  the  battery,  the  static  conditions 

up  into  tKe  wire,  and  the  phenomenon  that  we 
call  a  current  is  established  and  we  have  dy- 
namic or  moving  electricity. 

Having  established  the  so-called  electric  cur- 
rent we  will  now  try  to  show  you  that  there 
really  is  no  current.     The  idea  of  a  current  in- 
volves the  Idea  of  a  fluid  substance  flowing  from 
one  point  to  another.  When  you  were  a  boy  did 
you  never  set  up  a  row  of  bricks  on  their  ends, 
just  far  enough  apart  so  that  if  you  pushed 
one  over  they  all  fell  one  after  another?" 
imagine  rows  of  molecules  or  atoms,  and  in 
your  imagination  they  may  be  arranged  like 
the  bricks,  so  that  they  are  affected  one  by  the 

tf  tinTl!^^  ^^*^  "  '"^^^^*y  *h«t  i«  akin 
to  that  of  hght-waves,  and  you  can  conceive 

taZr^ri^      •  "^l^  l^  communicated  from  end 
to  end  of  a  wire  hundreds  of  miles  in  length  in 

substance  has  been  carried  through  the  wire- 


54 


•ttature^a  Aitncki. 


only  energy.    We  do  not  mean  to  say  that  th6 
row  of  bricks  illustrates  the  exact  mode  of 
molecular  or  atomic  motion  that  takes  place  in 
a  conductor.    What  we  mean  is,  .hat  in  some 
way  motion  is  passed  along  from  atom  to  atom, 
lo  give  you  a  better  conception  of  an  elec- 
tric current,  let  us  go  back  of  the  galvanic  cell 
to  the  electric  machine.    If  both  poles  of  the 
machine  are  attached  to  rods  terminating  in 
round  knobs  we  can  set  the  machine  in  action 
and  keep  up  a  steady  stream  of  disruptive  dis- 
charges that  will,  if  their  frequency  is  great 
enough,  perform  the  function  of  a  current,  and 
we  have  dynamic  electricity  from  a  statical 
machine;  when  the  acid  of  the  galvanic  battery 
breaks  down  a  molecule  of  zinc,  energy  is  set 
free,  and  in  the  battery  we  have  what  corre- 
sponds to  a  disruptive  discharge  of  infinites- 
imal proportions.    This  discharge  would  have 
been  immediately  converted  into  heat  energy 
if  the  copper  element  had  been  left  out  of  the 
battery,  but  as  it  is,  it  impresses  itself  on  +he 
atomic  « bric^  "  next  to  it,  which  establishes 
a  Cham  of  atomic  movement  throughout  the 
circuit.    Thi.s  may  constitute,  if  you  please,  a 
line  of  electrical  force.      But  as  thousands  of 
these  disruptive  discharges  are  taking  place 
simultaneously    as    many   diflFerent    lines    of 
force  are  established.    You  must  not  conceive 
of  these  chains  of  atoms  as  simply  thrown 
down  like  the  bricks  and  left  lying  there,  but 
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that  the  atom  is  active;  that  it  haa  the  power 
to  pick  .tself  up  again  in  an  infinitesimally 

In   •      T  ?,?"*  ''  *««'"  ''"""ked  down  aol^ 
low  ng  the  Illustration  of  the  bricks)  by  the 
next  discharge  along  :ts  line  or  chain  of  atoms! 
It  you  could  get  a  mental  picture  of  this- 
action  you  would  see  that  the  whole  conductor 
IS  m  a  most  violent  state  of  atomic  motion  of 
a  peculiar  kind.      At  the  same  time  a  par"  of 
this  electrical  motion  is  being  converted  fnto  a 
heat  motion  of  the  atoms,  and  finally  it  aU  re- 
turns to  heat  unless  some  of  it  is  stored  Z 
somewhere  as  potential  eneigy.  If  the  curren? 
has  driven  a  motor  that  has  wound  up  a  weight 

ability  t9  do  work  if  it  is  allowed  to  run  down, 
it  It  drives  machinery  as  it  runs  down  the 
mechanical  motion  is  the  expressionTf  Jhe 
stored  energy.  When  the  weight  has  run  do™ 
the  energy  will  be  represented  by  the  he™ 
created  by  friction  of  the  journals  of  the 
wheels  and  pulleys  and  the  heating  of  the  aH-! 
If  the  weight  IS  allowed  to  fall  suddenly  it 

""  L  '"V"?  ^"  *°  ^""^  <"=*e°t,  but  mostrthe 
earth  and  the  weight  itself  will  be  heatt^^  If 
the  source  of  energy  (the  battery)  is  great  and 
the  pressure  high  and  the  conductor  is  too 
small  to  carry  the  energy  developed  in  the  bat- 

bZ  ?s  inm^%'  ''^'' ''  '^-«'°^d'  -d  if  the 
neat  IS  sufficiently  mtense,  light  also. 

We  have  teen  (Vol.  II)  that  heat  motion 
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when  It  reaches  a  sufficiently  high  rate  throwa 
the  ether  into  a  vibratory  motion  that  we  c7) 
light.  However,  this  vibratory  motion  of  the 
ether  is  set  up  long  before  it  reaches  the  lumT 
nous  stage;  in  other  words,  th(  re  are  dark  rayo 
of  he  ether.  We  find  that  the  electro-atomic 
motions  of  a  conductor  have  the  power  to  im- 
press themselves  upon  the  ether. 

iJf^'  "".J*^  ^"''**'^''  ^^Periment  to  show  that 
this  18  the  case,  not  only,  but  that  the  im- 

stmlnl^"'  can  transfer  these  impressions  to 
still  another  conductor.  Suppose  we  stretch 
two  parallel  wires  for,  say,  half  a  mile,  or  any 
distance,  only  a  few  feet  apart,  and  make  o^ 
each  a  complete  circuit  by  rounding  the  end 
of  the  course  and  returning  the  wire  to  the, 
starting  point  (as  shown  in  Fig.  1).    Put  ^ 


hZvl  *^'^  '''''"^*'  ^  ^^"^^'  «°<J  a  circuit, 
other  oil'  T"""?  telegraph-key),  and  in  the 
Tc^LZT  l^«*^«°«^cter  (an  instrument 
for  detecting  the  presence  and  measuring  the 
intensity  of  a  galvanic  current,  by  means  of  a 
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iitaf  V??^",*'"*  "^<*'«  »■•  pointer).    Now 
If  we  touch  the  key  and  close  the  circuit  in  A 
the  need  0  of  the  galvanometer  in  B  will  swint 
m  one  direction  from  zero  on  the  did    andl? 
we  release  the  key.  breaking  the  crrcuitTn  A 

direc"on'%r     T"''  """"^  "'   "">  '"'^^^ 
dXt„T .    .      n "'"  "^"^  "'"  ">«  "eedle  stay 
deflected  but  will  at  once  return  to  zero. 

Ihis  shows  that  when  the  battery  currpnt 

was  allowed  to  complete  its  circuT  thr^'^h 

was  instantly  folt  in  wire  B,  althoueh  the™ 

than  the  air,  which  is  a  non-conductor. 

rhe  current  in  the  second  circuit  is  called 
an  induced  current.    Why  this  current?    Ac- 
cording  to  one  theory,  when  we  cClL  pri 
mary  circuit  the  surrounding  ether  Ttiiro™ 
mto  a  peculiar  state  of  strain  that  we  will  c^ 
magnetic  or  electrical  lines  of  fore..      When 
the  ether  wave  strikes  the  second  wire  thCTels 
a  molecular  movement  from  a  state  of  restTo  a 
state  of  static  strain.      During  the  tir^e  tha? 
the  molecules  are  moving  from  the  noma!  to 
the  strained  position  in  sympathy  wUh  the 

rent  which  lasts  only  a  moment.  This  state  of 

irkiri?"-  *"/■  r  "•"'-*  ■" « 

i^oreaKing  the  wire-lme)    wlipn   q11   +u      i 
tricfll  Imoc  ^f  f        *"«A  wnen  all  the  elec- 

iZlt    T!u       """^^  "^^"^'^  ^°d  the  molecular 
strain  of  the  second  wire  is  relieved,  and  w. 
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again  have  the  conditions,  momentarily,  for  a 
current  of  the  opposite  polarity,  and  the  needle 
will  swing  in  the  opposite  direction  because 
the  molecules  or  atoms  have,  in  their  recoil  to 
the  natural  state,  moved  in  an  opposite  direc- 
tion. 

Going  back  to  Fig.  1,  let  us  further  study 
the  phenomena  under  other  conditions.       In 
our  first  circuit  (A)  there  is  a  battery  and  a 
circuit-breaker,  which  is  a  common  telegraph- 
key.     Now  close  the  key  so  that  a  current  will 
be  established.    (Remember  that  "  current "  is 
only   a   name   for    a   condition   of   dynamic 
charge.)     Place  a  piece  of  soft  iron  across  the 
wire  at  right  angles  with  the  direction  of  the 
wire,  when  of  course  it  will  be  at  right  angles 
with  the  direction  of  the  current,  and  you  will 
find  now  that  the  iron  is  more  or  less  mag- 
netic, depending  upon  the  amount  of  current 
passing  through  the  wire.     If  we  wind  a  num- 
ber of  turns  of  insulated  wire  through  which 
the  current  is  passing  around  the  iron  the 
magnetism    will,  be    increased.     In   practice 
there  are  a  certain  number  of  turns  and  a  cer- 
tain sized  wire  that  will  give  the  best  results 
with  a  given  number  of  cells  of  battery  (or  a 
given   voltage   or  pressure),   operating   in   a 
closed  circuit  of  a  given  resistance.    All  these 
questions  are  worked  out  mathematically  in 
many  standard  books  o     he  subject.    It  is  not 
the  intention  in  these  talks  to  develop  th© 
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science  mathematically    but  to  sot  out  the 

.  Under  the  conditi  as  utcve  named  mamet. 
ism  .a  developed  in  the  s„f    iron  bar     if  wt 
open  the  key  the  cn^mf.  «  11  cesl  \.S  ,Z 

magnetism  will  vani,! "at  i?,„  .u^ ' 

molecules   will    tun.    i,aek"t  "  he^  7Jm 

develotd  T„  ^P''<'"'»"  ."'"'Pter.    Magnetism 
ueveioped  m  this  wav  is  oa]]oA  «i«^r 
netism.     (See  Chan   TV?    t7        ^^^ctromag- 

of  hardened  ate'StsS  of"th7s7t  L^Tt 
W.I1  become  magnetic  and  remain  so  wheTthe 
circmt  .8  opened,  because  the  natural  tendency 
of  tlie  molecules  to  turn  back  to  the  neuTrS 
position  IS  not  great  enough  to  overcome  tha 
coercive  force,  or  molecular  friction  oTL,^ 
ened  steel  as  has  been  also  de  cSbel  ^n  a" 
previous  chapter.  To  make  the  te  relectro 
magnet  we  need  qualities  of  iron  just  the  „n" 

For  tb/?""  '^"^  °*  '^^  P«™anent  i^agnT 

'ritraearti^^drsir:,^? 

condition    they   cannot     r.f   +1,         i  "^**e"®^*c 
bflPt +« +!,«  '''•^^^^""ot,   oi   themselves,   turn 
back  to  the  neutral  state.     The  great  valupn?      • 
the  electromagnet  lies  in  its  abifitrto  tdHy 
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discharge,  or  go  back  to  the  neutral  state, 
when  the  current  is  broken. 

Let  us  now  go  back  to  the  beginning  of  our 
experiment.    When  we  closed  the  key  and  es- 
tablished the  current  through   the  wire   we 
found  that  a  piece  of  iron  held  at  right  angles 
to  the  wire,  although  not  touching  it,  became 
magnetic.      We  have  already  said  that  when 
the  circuit  was  open,  the  battery  being  in  cir- 
cuit, there  were  electrical  lines  of  force  es- 
tablished in.  the  ether,  between  the  two  poles 
of  the  battery,  and  that  they  were  gathered  up 
into  the  conducting  wire  when  the  circuit  was 
closed.    We  now  find  that  there  are  other  lines 
of  force  of  a  different  nature  established  in 
the  ether  when  the  circuit  is  closed.    These  we 
call  magnetic  lines  of  force,  or  the  magnetic^ 
field  of  the  charged  wire,  and  they  are  estab- 
lished at  right  angles  to  the  direction  of  the 
current.    These  magnetic  lines  of  force  acting 
through  the  ether  from  an  electrically  charged 
conductor  are  able  to  break  up  the  natural 
molecular  magnetic  rings,  referred  to  in  Chap- 
ter IV,  and  turn  all  their  like  poles  in  the 
same  direction — thus  making  one  compound 
magnet   of   the   iron   which   in   the   neutral 
state  consisted  of  millions  of  little  natural 
magnets  whose  attractions  were  satisfied  by  a 
joining  of  their  unlike  poles. 

Most  writers  account  for  all  of  the  phe- 
pomena  of  induced  currents  in  a  second  wir^ 
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merely   a    comni]Q+;««      j*  creau;    it   is 

We  are  simpi;  S^ffte'Ch  X"""" 
who  IS  an  earnp«»t  a^^u^      Si  *     ■'■"6  man 

cannot  a^o  1^,^^'.^^*""  ^^^^^^^S^^  t^uth 
any  Preju^t  if^^^^^^  with 

than  another    unleT+I    S  """^  *^^**^  °iore 

and  then  he';  no  Tctit'  /"'*'  '"?*^^°  ^^^^ 
is  led  by  the  fL^f  tS^^  ^  ^''''°'  Prejudice,  but 

their  th'^oJL     and^L^^^  T^^'  '"^^^  P^*«  «f 
them  as  the?do  Thi'th^ldtr ^^^^^^^  '? 

upon  a  man  who  destrov^T!   \       ^^^^  ^°«^ 
tion  of  the  facts  a?l  ""  ^^  ^  presenta- 

a  lady  who  became  so  «r?^:.    ^  "^""  ^°«^ 
doctor  that,  she  said    st     '^  i*?  ^^^  ^^"^"^ 
under  his  treatment   If         '^''"^^  '^*^«^  die 
cured  by  alTXf  dlr^h?  ^^^'^  *^  »^^ 
people  who  are  imbued  ?Jkh  t^^T  Tl  "^^^^ 
not  only  in  matters  scilnfifiK^'''.^  ^^  ^P^"* 
religious  as  well       WK       '  ?"*  ^^  ^^^t^^s 
kind  who  co^ribnt.  .    .u^^""^'^  «^«  '^o*  the 
but  are  th«  ^^  i         *"*  *^®  world's  progress 
"ut  are  tHe  hindrances  that  havp  +n  v"^'®^^» 
come.  uave  to  be  over- 


CHAPTEE  VII. 

ELECTRIC  GENERATORS. 

Of  the  sources  of  electricity  we  have  men- 
tioned two:  Friction,  and  Galvanism  or  chem- 
ical action.  There  are  hundreds  of  forms  of 
the  latter  species  of  apparatus  for  generating 
electrical  energy,  so  we  will  mention  only  a 
few  of  the  more  prominent  ones.  It  is  not  our 
intention  to  go  into  the  chemistry  of  batteries. 
There  are  too  many  exhaustive  works  on  this 
subject  lying  on  the  shelves  of  libraries  that 
are  accessible  to  all.  All  galvanic  batteries  act 
on  one  general  principle— the  generation  of 
electricity  by  the  chemical  action  of  acid  on 
metal  plates;  but  the  chemistry  of  their 
action  is  very  different.  In  all  batteries  the 
potential  energy  of  one  element  is  greater 
than  the  other.  The  acid  of  the  battery  dis- 
solves the  element  of  greater  potentiality,  and 
its  energy  is  freed  and  under  right  conditions 
takes  on  the  form  of  electricity.  The  poten- 
tial of  zinc,  for  instance,  is  greater  than  that 
of  copper,  and  the  measure  of  the  difference 
is  called  the  "electromotive  force,"  the  unit 
of  which  is  the  "  volt."    Electromotive  force  i? 
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stored  ;w-"t  **  '"^^  Po^^'We  amount  of 

ng  pow^r   Slr^T  "'.^^^"«<'  l-y  it^  work- 

thL  the  other  »  f    K,'  """  "'""^  ™'«  «»f  te' 
vXJ^f         '  "  ^^""^  current  would  be  de- 

P.a^  in  some  form^f  tt^  Km%V:T; 
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So  you  see  thet  metals  are  relative,  not  abso- 
lute,  in  their  character  as  positive  and  negative 
elements. 

The  galvanic  battery  has  been  almost  en- 
tirely  superseded    in   this   country   for    cele- 
graphic  purposes  by  the  dynamo,  a  machine 
developing  electrical  currents  by  mechanical 
power.      Another  form  of  battery  that  is  ex- 
tensively used  for  some  kinds  of  heavy  current 
work  18  died  the  storage-battery.      The  man 
who  did  the  most,  perhaps,  to  bring  the  storage- 
batteij  to  its  present  state  of  perfection  was 
J^lante,  a  Frenchman,  who  died  only  a  short 
time  ago.    Although  very  many  types  of  bat- 
tery have  been  developed,  it  is  found  that, 
after  all,  the  lines  on  which  he  developed  it 
make  the  most  efficient  battery.     There  is  a 
common  notion  that  electricity  is  stored  in  the 
storage-battery.      Energy  is  stored,  that  will 
produce  electricity  when  it  is  set  free,  just  the 
same  as  energy  is  stored  in  zinc.    The  storage- 
battery,  when  ready  for  action,  is  one  form  of 
acid  or  primary  battery.    It  has  been  made  by 
passing  a  current  of  electricity  through  it  un- 
til the   chemical  relations  of  the  two  lead 
plates  have  been  changed  so  that  the  potential 
of  one  18  greater  than  that  of  the  other       A  • 
simple  storage-battery  element  is  made  up  of 
two  plates  of  lead  held  out  of  contact  with 
each  other  by  some  insulating  substance  the 
same  as  the  elements  of  an  ordinary  batteiy. 
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on  one  plate.    Now,  take  off  the  Charging  bat^ 

ohanJed  Wt  w  ""*''  *"  "^'^^  ''^^  Partly 
?t  ™,f*  I  '"*''  'P°"sy  metallic  lead,  when 
It  must  be  renewed  by  recharging 

h.LT?'"'^''  '""'^^"*'y  ^"'l  the  first  galvanic 
struction      It  ,s  now  nearly  fifty  years  aso 

ohfnterL  T  J  '^''"^'^  *°  yo"  i°  another 
chapter  how  I  made  a  voltaic  battery-or  pile 

boiler  Indwl-"^-™"'""  ""  "T^oS 
cident  S,,  t  ^  ove-^mc  and  the  domestic  in- 
ciaent  that  followed.  Well  n  liffln  io+  t 
made  a  real  galvanic  battly l  fo  wt :  I  U^  J 

mv  fl-r*-"*"'^  """^  ^"^  ^^o™  to™  or  city,  a„1 
my  facilities  were  extremely  limited  so  that  T 

rrdlffi"'^/'''^"*^ 0  investigates  under 
great  difficu  ties.  My  only  text-book  was  an 
old  Comstock's  Philosophy.    In  the  bol  was  " 

descriptil  of    f  """^  '^«'^*^'  «»<»  a  ^='<- 
battov     ?dft    '"T'™"*'""'  '""'"ding  the 
I  d  d     It  w„  '   1?""^  *°  """^^  "  '^K'^ter,  and 
1  aid.    It  was  all  constructed  of  wood  excent 
the  magnet  and  its  armature  and  the  embZ- 

a  nan.     The  thing  that  seemed  out  of  reach 
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was  the  electromagnet.  I  iiad  no  money;  and 
there  was  no  one  that  believed  I  could  io  if,  and 
if  I  could  "what  good  would  come  of  itf"  I 
made  frici^rls  with  a  blacksmith  by  keepiiig 
flies  off  ii  iMu'SM  while  he  nailed  the  shoes  on^ 
and  "blo^vmg  the  belIo^73"  and  occasionally 
using  the  "'  sAorl^e '  for  him.  When  I  thought 
the  obliifatio-:  had  accumulated  a  sufficienfc 
"voltage''  (to  express  it  electrically)  I  com- 
municated to  the  blacksmith  the  situation  and 
what  I  wante<i. 

ThB  good-natured  old  fellow  was  not  long  in 
bending  up  a  TJ  magnet  of  soft  iron  and  forg- 
ing out  an  armature.  The  next  step  was  to 
wind  the  U  with  insulated  wire.  The  only 
thing  that  I  had  ever  seen  of  the  kind  was  an 
iron  wire  called  "  bonnet "  wire  that  was  wrap- 
ped with  cotton  thread.  This,  however,  was 
not  available,  so  I  captured  a  piece  of  brass 
bell-wire  and  wound  strips  of  cotton  cloth 
'around  it  for  insulation— and  in  that  way 
completed  the  magnet. 

Now  everything  was  ready  but  the  battery. 
I  went  at  its  construction  with  a  feeling  al- 
most akin  to  awe,  for  I  could  not  believe  that 
It  would  do  as  described  in  the  book.  I  pro- 
cured a  candy-jar  from  the  grocer  and  found 
some  pieces  of  sheet  zinc  and  copper.  These  I 
rolled  together  ii;v  loose  spirals  and  p.a.-a 
one  inside  the  ot  r  so  that  they  would  ,.o. 
touch,  when  I  was  ready  .for  the  solution.  T.^c) 
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i  "with  wall  "^  T      v*^  -ny  battery  and  filled 

solve   .ndtlin      "'"*!V''"^  *"  '*  *»  d«- 
^h%Zr.    ♦      '«»">««ted  my  magnet  in  cir- 

U  :outdVa%r„nTof  :tnr '^^"'''''-^' 

a  thing  that  when  "at  rest  i«,  «  i^  i         ^ 
of  mechanism;  in  acttTha'sVS^S 
as  full  of  mystery  as  the  soul  of  man^   Th  ! 
18  a  poetic  way  of  describin^r  it  tL?  " 

the  mind  a  sen«.  nf  t^    ^       ''*'  conveys  to 

Baturallatln  actU   tr  "^^^  ''''"'*^  "^ 
from  am       recitarfVe^M  St?^!  f^ 

lrrrm\rrair'rhrs:v^-  ^-  f ? 

P..ctieal  lessons  that  we\aT Xtlo  aW 

"41;,  tt  ttTchl^n-*'^^^^^^^^^ 

"erind  "  «L   r  ?!  ,™  *°  <""■  eveiy-day 

The   dynamo  is   a  maohinA  +1,0+ 
-chanical   into  electSc^re^e^;  Z'Z 
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srreat  practical  value  of  energy  in  this  form  is 
that  it  can  be  distributed  through  a  conductor 
economically  for  many  miles.    We  can  trans- 
mit mechanical  power  by  means*  of  a  rope  or 
cable  for  a  limited  distance,  but  at  tremendous 
loss  through  friction.    We  can  transmit  power 
through  pipes  by  compressed  air  or  steam,  but 
there  is  a  great  loss,  especially  in  the  case  of 
nteam,  by  condensation  from  cold.     None  of 
J-hese  methods  are  available  for  long  distances. 
Another  advantage  electricity  has  over  other 
forms  of  energy  is  the  speed  with  which  it 
can  be  transmitted  from  one  place  to  another. 
In  this  respect  it  has  no  rival  except  light. 
But  we  have  not  been  able  to  harness  light  and 
make  it  available  to  carry  either  freight  or 
news,  except  in  the  latter  case  for  a  short  dis- 
tance by  flashing  it  in  agreed  signals. 

The  heliostat  can  be  used  when  the  sun 
shines  to  transmit  news  by  flashes  of  sunlight 
chopped  up  into  the  Morse  code  and  thrown 
from  point  to  point  by  a  moving  mirror.  But 
this  is  limited  as  to  distance;  besides,  the  sun 
does  not  always  shine.  It  has  the  disadvantage 
m  that  respect  that  the  old  semaphore-telegraph 
did  that  was  in  use  in  Wellington's  day.  These 
semaphores  were  constructed  in  various  ways, 
but  a  common  form  was  that  of  moving  arms 
that  could  be  seen  from  hill  to  hill  or  point  to 
point.  By  a  code  of  moving  signals  news  was 
repeated  from  point  to  point  and  it  can  be 
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tt7i;s:aro'?rr"T  ^^  ^-^"^ " 

The  dispaichread    "  W  ?,™«P''<»'«-t<'Iegraph.,- 
At  that  n„^7  •    !?'      ^^'''^Kton  defeated—" 

t  and  C  for  ft'°T"«''  "  ^'""^  f°«  """-e 

news  eouirb/TeS  » tS^eV'r  "th  "'i'^ 

wast'^deepll™!?  'T  ""T  ""  I^»<J»» 

lifted,  wh'Lepai^d  tlletw ?\^^.*«  ^""^ 
the  balance  of  th»  V-     rf8™P'"«  l>ne,  and 

"tL  FreSatWatert''  1™'-  '^"r^''^- 
to  rejoicing  an?  he  EngM  W^ ''''?"^1 

rofw:sro/'"-*''^""«'^=" 

But  to  return  to  the  dynamo       Tl,« 

the  soft  iro'  '=  keenpr  •f^f^'^^^-    Faraday  took 

brought  the  Zf:X  oTThp"'"™''  ,'*  ""<' 
cethpr  TT,.  „  1  ,  ""'  wire  close  to- 
gether.   He  now  placed  the  keeper,  with  the 
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wire  wound  around  it,  aci  ods  the  poles  oi  the 
permanent  magnet,  and  wrenched  it  away  sud- 
denly, when  he  observed  a  spark  pass  between 
the  .^'jds  of  the  wires.     This  would  occur  when 
he  reproached  the  poles  as  well  as  when  he 
took  it  away.     He  discovered  that  the  currents 
were  momentary  and  occurred  at  the  moment 
of  approach  or  recession,  and  that  the  cur- 
rents developed  by  the  approach  were  of  op- 
posite polarity  to  those  occurr'ng  at  the  reces- 
sion.     Wlien  the  "keeper"  was  put  on  the 
poles  of  the  mu^'net  it  was  magnetized  by  hav- 
ing its  molecular  rings  broken  up   and  the 
poles  of  the  little  natural  magnets  all  turned 
in  one  direction.      During  the  time  that  the 
molecules  of  the  keeper  are  changing  they  are 
in  a  dynamic  or  moviiig-  condition.     Ey  some 
mysterious  action     f  the  et]  er  between  the 
iron  and  the  w    m  wi-  oped  n     und  it  there  is 
a  corresponding  molecular  action  in  the  wire 
that  is  dynamic  for  a  moment  only,  and  dur- 
hig  that  niument  we  have  the  thenomenon  of 
an  electric  current.       When  the  m.ignet  and 
soft  iron  are  separated  this  mol  -  ulsr  state  of 
strain  is  relieved  and  the  r   )lecu^ 
iron  and  the  wiro  wounc*      jc 
normfil,  and  in  the  act  oi  retUi 
a  dynamic  or  moving  condition,  resulting  in  p 
current,  only  in  the  opposite  direction.     (See 
Chap.  VI.) 

Now  mount  the  permanent  magnet  in  a 


!9  of  both  the 

it  return  to 

ling  we  have 


a 
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frame  ami  mount  the  soft  iron  with  the  wire 
on  It  (which  m  this  shape  is  an  electromagnet) 
on  a  revolvinpT  arm  and  so  set  it  on  the  arm 
that  Its  ends  will  comp  oiose  to,  but  not  touch, 
the  poles  of  the  permaxient  magnet.    Now  re- 
volve the  arm,  and  every  time  tho  electromag-^ 
net  or  keeper  approaches  the  p*  rmanent  mag- 
net a  current  of  one  polarity  will  be  momen- 
tarily developed  in  the  wire  of  the  electromag- 
net,  which  IS  moving.      When  it  is  opposite 
the  poles,  It  has  reached  the  maximum  charge 
and,  now,  as  it  passes  on  it  discharges  and  a 
current  of  the  opposite  polarity  is  developed  in 
the  wire.      The  more  rapidly  we  revolve  the 
arm  the  more  voltage  (electrical  pressure)  the 
cur       *  it  develops  will  have. 

It  will  he  plain  to  all  that  we  might  make 
the  electromagnet  stationary  and  revolve  the 
permanent  magnet  and  get  the  same  r.  suit.  If 
the  permanent   magnet   were   strong   enoi'  h 
and  the  electromagnet  the  right  size  as  to  iron 
windings,  etc.,  and  we  revolve  the  arm  with 
sufficient  rapidity,  we  could  get  an  alternating 
current  of  electricity  that  would  produce  an 
elec+ric  light.  I  have  not  nnd  cannot  h.  re  give 
you  the  construction  of  a  modem  alternating- 
current  dynamo.    I  have  simply  H  scribed  the 
simplest  form  of  dynamo,  and  all  of  them  oper- 
ate upon  the  fundamental  p  incipl.    of  a  per- 
manent magnetic  field  and  an  electromagnet, 
moving  in  a  certain  relation  to  each  other, 
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The  field  may  revolve  or  the  electromagnet  may 
revolve,  whichever  is  the  most  convenient  t^ 
constru.  t.      The  field-magnet  may  be  a  per^ 
ZZTf  T^.""^^^^  ^"  electromagnet,  made  per- 
Tn^.?  AT"^  ^^^  operation  of  the  dynamo  by 
a  part  of  the  current  generated  by  the  machine 
bemg  directed  through  a  coil  surrounding  sof? 
iron ;   or  the  field-current  may  come  from  an 
ou  side  source.    This  is  the  kind  of  field-mag" 
net  universally  used  for  dynamo  work,  as  a 
much  stronger  magnetism  is  developed  in  this 
way  than  it  is  possible  to  obtain  from  any  sys^ 
tem  of  permanent  steel  magnets 
«rv  fi^!J'"^*  construction  is  to  have  a  station- 
ary  field-magnet  and  then  a  series  of  electro^ 
magnets  mounted  and  revolving  upon  a  shaft 
n  the  center  of  the  magnetic  field.     The  rotat- 
ing  part  is  called  the  armature,   and  is   so 
wound  with  insulated  wire  that  successive  in' 
duced  currents  are  created  in  the  armature 

which  rest  on  revolving  segments  that  connect 
with  the  armature  windings.      These  induced 
currents  succeed  each  other  with  such  rapTdity 
as  to  amount  in  practice  to  ft  steady  current 
However,  the  separate  pulsations  are  6^ 

near  to  that  of  a  dynamo  circuit.  The  dv- 
namo  current  is  not  nearly  so  steady  as  the 
battery  current,  although  both  are  probably 
?nade  up  of  separate  discharges.      In  the^^ 
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namo  there  ia  a  discharire  everv  tirr,«  *u      i 

broken  up  a„<l  ,•*=  ilfZ  ■""  *  mo'ocule  is 
set  free  In  ti.  i  ^  measure  of  energy  is 
80  far  apar^  as  to  ^T"'"  *'"^.  P-'^otionf^™. 

ouire  a  .pee'ial    ar'to  htTitlTn:'  T""  '?" 
-ay  be.  up  near  .he  rate  of  liVvTbrS'  " 

rent.     (By  alterr.flfi^  alternating  cur- 

not  enter  into  «  +o„i,   •    V  ""P"^se.;   We  can- 

the  construction  of  which  requires  f^t'T' 
est  class  of  engineering  skill  vT  •  ''*''" 
it  seems  lilte  a  grelt  LTn"'  ^''"  '"  "«"'"' 
ing  its  energy  intlZ^lZTV''''''''- 
that  13  at  once  a  marvel  anH  f  M      •        "  ""^^ 

kind.  But  we  IsTloTtve'^^rThe "  ■""."' 
to  the  dynamo      A«  fW«  /    *"^  ^^^^it 

-fleeted Ur;o  fhe  ^^.r^veH^  "^^^  ^ 
by  a  power  delegated  to  it  hTt?  .  ^  ^^^^^'^^ 
that  rotates  it  and  t^!    .       ^"^  steam-engine 

life  to  the  buying  coal  td^.Tf "'  ^^^«  ^*« 

\^  onlv  giving  UD  an  i'         *¥  ^"'"^"^  ««al 

^  *fivmg  up  an  energy  that  was  stored 
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ages  ago  by  the  magic  of  the  sunbeam;  and 
the  sun — ?  Well,  we  are  getting  close  on  to 
the  borders  of  theology,  and  being  only  scien- 
tists we  had  better  stop  with  the  sun. 

There  is  still  another  way  of  generating 
electricity  besides  those  that  we  have  named; 
which  are  friction,  chemical  action,  and  the 
magneto-electric  mode  of  generating  a  current. 
Electricity  may  be  generated  by  heat.  If  we 
connect  antimony  and  bismuth  bars  together 
and  apply  heat  at  the  junction  of  the  metals 
and  then  connect  the  free  ends  of  the  two  bars 
to  a  galvanometer,  it  will  indicate  a  current. 
These  pairs  can  be  multiplied,  and  in  this  way 
increase  the  voltage  or  pressure,  and,  of  course, 
increase  the  current,  if  we  assume  that  there 
is  resistance  in  .  le  circuit  to  be  overcome.  If 
there  were  absolutely  no  resistance  in  the  cir- 
cuit— a  condition  we  never  find — there  would 
be  no  advantage  in  adding  on  elements  in 
series. 

Substances  differ  in  their  resistance  to  the 
passage  of  electricity — the  less  the  resistance 
the  better  the  conductor.  The  German  elec- 
trician, G.  S.  Ohm  (1789-1854),  investigated 
this  and  propounded  a  law  upon  which  the 
unit  for  resistances  is  based,  and  this  unit 
takes  his  name  and  is  called  the  "  ohm." 

Any  two  metals  having  a  difference  of  po- 
tential will  give  the  phenomena  of  thermo- 
electricity.    Antimony  and  bismuth  having  a 
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great  nuSt^S  p^^  Talr*^'  o"*  "^  « 
muth  bars.      Thif  f^t       antimony  and  bi,, 

means  of  determining  ZL  f  ***''""'« 
temperature.  If  one  fL  /  changes  of 
exposed  to  a  temp^raf  .re  "^*  *ermopile  is 
the  needle  w ffl^ve^^f  ^"■"'*?  *»"»  its  own, 

a  tomperatur^  lower  than"?,',  ^"""'T'  «  *» 
will  be  deflected  in  tl.„  •  '"^'  ^^  needle 

both  faces  of  the  pik  arr°"*'  .^"«''*''">-    « 
changes   of   tlmperatu":  ZSt.*°  *1  '"""^ 
course  no  electrical  man?W T  ""^""''y'    »* 
The  earth  is  undrbte^T  **"'"'  '''"  ""en^- 
battery  that  is  kept  in  *!« ''  l^f '  *«"»«' 
changes  of  temperature  t?       ''^  ^^  ^''''tant 
J-rface,  causTby  "ts  Z^?  ""  **  '^^  ««'*'« 
four  hours  on  its  LI     'The'l' 17  ''""'*^- 
at  some  point  heating  the  eartT'^^r""®'  " 
points  is  cooling   makino.         ''''"**' °*cr 

of  potential  betwUn  dWe^,entT*r  "'ff^^ 
heat  a  metal  ring  atZT-  ?"'*'•  ^^  ^e 
flectrieity  will  flow  aroTndT*  "  ''?^^»*  "^ 
>s  made  of  two  diSl,,  "-T^eo'ally  if  it 

h-Hs  equally  distSThrlth„Vthe '  -^^ 

Some  years  ago,  when  the  Postal  t!?   ""?' 

Company  fi.st  began  operationrS J^'S 


76 


Dature'e  Piracies* 


York  and  Chicago,  the  writer  made  obser- 
vations twice  a  day  for  some  time  of  the  tem- 
perature and  direction  of  the  earth-current. 
The  first  two  wires  constructed  gave  only  two 
ohms  resistance  to  the  mile,  which  facilitated 
the  experiments.  I  found  that  in  almost  every 
instance  the  current  flowed  from  the  point  of 
higher  temperature  to  the  lower.  If  the  tem- 
perature in  New  York  were  higher  at  the  time 
of  observations  than  in  Chicago  the  current 
would  flow  westward,  and  if  the  conditions 
were  reversed  the  current  would  be  reversed 
also. 


CHAPTER  VIII. 

ATMOSPHERIC  ELECTRICITY. 

ditions  of  potential  hTf^f'  .u  """"""^  «»«- 
upper  atmosS  3^:^~'',r?'!?  "'"'  *« 
Phere  is  PositivelyTctrifi^d  anH  ^^  '""°^- 
negatively.       ThJL    n^li^-  **  *'"'  ««'* 

parentis  from  locll  cauaei'T    ?''°«^'    «P> 
during  storms       T„  '    '"'  ^^"'^^  Pe"od» 

W  fhe  power  d.^r'  ^-V^'  ^""'^  ™y» 

theglobulL  JmoSein  th'l''""''^  *"  ^"^ 

■  different  from  that  oi  the  ealth  ""■  "  ^"""'*''" 

suming  thetndtioZta  ro^i  l"ve"h '"^"^  '"^■ 
ascend;  so  that  the  upper  ara'df^*^'  f  "' 
oppositely  eharged  like  the  two  slde'oTf/'^ 
den  jar  or  two  leaver  ,^f  .         j  "  -^"y- 

condition  is  intensIfiL  ^/^dcuser.  This 
thunder-cloud  na,,!!  ""^  [""""^^d  "hen  a 
moisture  globules  haL°r  '^^  «""'"•  The 
te^tial  enVly  t'potr  ot Z  su":""  '^ 
when  evaporation  took  pC- tuUntv  T^' 
the  energy  is  neither  hp^ir':^^^:!,:: 
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a  state  of  strain  like  a  bent  bow  or  a  wound- 
up spring.  When  these  moisture  globules  con- 
dense into  drops  of  water  the  potential  energy 
is  set  free  and  becomes  active  either  as  heat  or 
electricity.  The  cloud  gathers  up  the  energy 
into  a  condensed  form,  and  when  the  tension 
gets  too  great  a  discharge  takes  place  between 
the  cloud  and  the  earth  or  from  one  cloud  to 
another,  which  to  an  extent  equalizes  the 
energy. 

In  most  cases  of  thunder  and  lightning  it 
is  only  a  discharge  from  cloud  to  cloud  un- 
equally charged.  This  does  not  relieve  the 
tension  between  the  earth  and  the  cloud,  but 
distributes  it  over  a  larger  area.  The  reason 
for  this  constant  electrical  difference  between 
the  earth  and  the  upper  regions  of  atmosphere 
is  not  well  understood,  except  that  primarily  it 
is  an  effect  of  the  sun's  rays.  Evaporation 
may  and  probably  does  play  a  part,  and  the 
same  causes  that  give  rise  to  the  auroral  dis- 
play may  contribute  in  some  way  to  the  same 
result.  Evaporation  does  not  always  take 
place  at  the  earth's  surface.  Cloud  formations 
may  be  evaporated  in  the  upper  air  into  in- 
visible moisture  spherules,  and  charged  at  the 
time  with  potential  energy.  If  we  go  up  into 
a  high  mountain  when  the  conditions  are  right, 
we  can  witness  the  effect  of  this  condition  of 
electrical  charge  or  strain  between  the  upper 
regions  of  the  atmosphere  and  the  earth,  and 
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quantity,  so  to  speak,  before  it  could  discharge. 
These  heavy  discharges  when  the  cloud  is  some 
distance  from  the  earth  would  be  dangerous  to 
life,  while  the  light  ones,  when  the  cloud  is 
in  contact  with  the  earth,  are  not. 

Many  wonderful  and  destructive  effects 
come  from  these  lightning  discharges  and 
many  lives  are  lost  every  year  from  this  cause. 
I  do  not  suppose  it  is  possible  to  be  on  one's 
guard  continually,  but  many  lives  are  need- 
lessly lost  either  from  ignorance  or  careless- 
ness. Although  there  is  a  just  prejudice 
against  lightning-rods  as  ordinarily  con- 
structed, it  is  still  just  as  possible  to  protect 
your  house  and  its  inmates  from  the  destroy- 
ing effects  of  lightning  as  from  rain.  If,  for 
instance,  we  lived  in  metal  houses  that  had 
perfect  contact  all  round  them  with  moist 
earth,  or  better,  with  a  water-pipe  that  has  a 
large  surface  contact  with  the  earth,  the  light- 
ning would  never  hurt  the  house  or  the  in- 
mates. In  such  a  case  you  simply  carry  the 
surface  of  the  earth  to  the  top  of  your  house, 
electrically  speaking,  and  neutralization  takes 
place  there  in  case  the  lightning  strikes  the 
house.  A  house  that  is  heated  with  hot  water 
can  easily  be  made  lightning-proof  by  a  little 
work  at  the  top  and  bottom  of  the  heating  sys- 
tem. All^the  heavy  metal  of  the  house  should 
be  a  part  of  the  lightning-rod.  Points  should 
be  erected  at  the  chimneys,  and  if  there  is  a 
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metal  roof  they  should  be  connected  with  it 
Then  connect  the  roof  with  rods  from  severai 

TTiT  th  «-"""<'•  =-« '» -h"rrr 

sufficien       T??'  ^r"""^   connection    is   not 
sumcient.    The  earth  is  a  poor  conductor  and 
we  ha™  to  make  up  by  having  a  iZTm^ 
surface  m  contact  with  it.    It  is  besTtoTavt 

ninT^ii  ?  i*  connected  with  metal  run- 

■    bottom  of  t^^^  5°™^  "^  '°^  ^own  asTe 
Bottom  of  the  cellar,  for  sometimes  there  is  an 

upward  stroke,  and  you  never  can  tell  X'eU 

t  ^rZV\  "  ^0"  have  a  heatingTsTem 
It  should  be  thoroughly  grounded  and  tl^  tX 
pipe  connected  with  the  rods  at  the  chimneyf 

cUe  If  fr.  '""'^  '*  ""^  ^"^  y"  life,  be 

pftarirthrtri^-^t- 

I  seeks  the  earth  by  the  easiest  passage      An 
Y  ana  gram.     A  column  of  gas  is  rkino.  +!,o* 
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have  great  capacity  and  be  close  together  to 
fully  protect  a  building. 

There  is  a  popular  notion  that  rods  draw  the 
lightning  and  increase  the  damage  rather  than 
otherwise.  This  is  a  mistake.  Points  will 
draw  off  electricity  from  a  charged  body 
silently.  It  would  be  possible  to  so  protect  a 
district  of  any  size  in  such  a  way  that  thunder 
would  never  be  heard  within  its  boundaries  if 
we  should  erect  rods  enough  and  run  them 
high  enough  into  the  upper  air.  The  points— 
if  they  were  close  enough  together — would 
silently  draw  off  the  electricity  from  a  cloud 
as  fast  as  it  formed,  and  thus  effectually  pre- 
vent any  disruptive  discharge  from  taking 
place. 


CHAPTER  IX. 


ELECTRICAL  MEASUREMENT. 

Having  given  a  short  account  of  some  of  the 
sources  of  electricity,  let  us  now  proceed  to 
describe  some  of  the  practical  uses  to  which 
It  IS  put,  and  at  the  same  time  describe  the 
operation  of  the  appliances  used.    Before  pro- 
ceeding further,  however,  we  ought  to  tell  how 
electricity  is  measured.     We  have  pounds  for 
weight,  feet  and  inches  for  lineal  measure,  and 
pints    quarts,  gallons,  pecks  and  bushels  for 
liquid   and   dry  measure,   and  we   also   have 
ohms,   volts,   amperes   and   ampere-hours   for 
electricity. 

When  a  current  of  electricity  flows  through 
a  conductor  the  conductor  resists  its  flow  more 
or  less  according  to  the  quality  and  size  of  the 
conductor     Silver  and  copper  are  good  con- 
ductors.    Silver  is  better  than  copper.    Call- 
ing silver  100,  copper  will  be  only  73.    If  we 
have  a  mile  of  silver  wire  and  a  mile  of  iron 
wire  and  want  the  5ron  wire  to  carry  as  much 
electricity  as  the  silver  and  have  the  same  bat- 
tery for  both,  we  will  have  to  make  the  iron 
wire  over  seven  times  a^  large.    That  is,  the 
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area  of  a  cross-section  of  the  iron  wire  must 
be  over  seven  times  that  of  the  silver  wire. 
But  if  we  want  to  keep  both  wires  the  same 
size  and  still  forco  the  same  amount  of  cur- 
rent through  each  we  must  increase  the  pres- 
sure of  the  battery  connected  with  the  iron 
wire.  We  measure  this  pressure  by  a  unit 
called  the  "volt,"  named  for  Volta,  the  in- 
ventor or  discoverer  of  the  voltaic  battery. 
The  volt  is  the  unit  of  pressure  or  electro- 
motive force.  (In  all  these  cases  a  "  unit "  is 
a  certain  am  ;.;nt  or  quantity — as  of  resistance, 
electromoti  '  i»rce,  etc. — fixed  upon  as  a 
standard  f  i  s measuring  other  amounts  of  the 
same  kind. ) 

The  iron  wire  offers  a  resistance  that  is 
about  seven  times  greater  than  silver  to  the 
passage  of  the  current.  To  illustrate  by  water 
pressure:  If  we  should  have  two  columns  of 
water,  and  a  hole  at  the  bottom  of  each  column, 
one  of  them  seven  times  larger  than  the  other, 
the  water  would  run  out  much  faster  from  the 
larger  hole  if  the  columns  were  the  same 
height.  Now,  if  we  keep  the  column  with  the 
larger  hole  at  a  fixed  height  a  certain  amount 
of  water  will  flow  through  per  second.  If  we 
raise  the  height  of  the  column,  having  the 
small  hole  we  shall  reach  a  point  after  a  time 
when  there  will  be  as  much  water  flow  through 
the  small  hole  por  second  as  there  is  flowing 
through  the  large  hole.    This  result  has  been 
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accomplished  by  increasing  tlic  n-o„nre  So 
we  can  accomplish  a  similar  re„  ,  passing 
electricity  through  an  iron  wir,  he  samf 

rate  it  flows  through  a  silver  wire  of  the  same 
.zo   by  increasing  the  pressure,  or  electromo- 

The  quality  of  the  iron  wire  that  prevents 
the  same   amount   of  current   from   flolTnl 

The  ul'lr  't  '"™'  '^  ™"«''  "^  •^-^tance* 
1110  unit  of  resistance,  as  mentioned  in  the  last 

thf™^         u   "'"'t ""  <"""P«'«<i  with  another, 

to  .rMtL     *'  ™  """^  *"  P"*  '"to  the  batter; 
to  get  the  same  current. 

f},  J  «^  ''"'*  ^""^  measuring  the  current  is  called 
he     ampere "  named  after  the  French  elec- 
trician,  A.  M.  Ampere  (1789-1836). 

unltr  *\ r V-''*r^  application  of  these 
units.     The  volt  is  the  potential  or  pressure 

madTin  a        ^'*'^  ^^'"'  ^  ^^^^^^^  -^" 
^rPP  nf  n^'?  ^^y-     T^«  electromotive 

one  volt  °  O^".''  "  ^r^'^^  ^'"'^'^  -  ^^out 
one  volt.     One  ohm  is  the  resistance  offered  to 

the  passage  of  a  current  having  one  volt  pres- 
sure by  a  column  of  mercury  one  miU^eter Tn 
cross-section  and  106.3  centimeters  rWth 
Ordinary  iron  telegraph-wire  measures  about 

ta^daTd'   n'*'*'^"^^"    ^owconnecfou 
8  state  a^H  ~T  ^^^^-^^^ough  one  ohm  re- 
sistance and  we  have  a  current  of  one  ampere. 
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Unit  electromotive  force  (volt)  through  unit 
resistance  (ohm)  gives  unit  of  current  (f  - 
pere).  It  is  not  the  intention  to  treat  the 
subject  mathematically,  but  I  will  give  you  a 
simple  formula  for  finding  the  amount  of  cur- 
rent if  you  know  the  resistance  and  the  volt- 
age.    The  electromotive  force  divided  by  the 

resistance  gives  the  current,  c  =  -5  or  current 

It 

(amperes)  equals  electromotive  force  (volts) 

divided  by  the  resistance  (ohms). 

But  still  further:  One  ampere  of  current 
having  one  volt  pressure  will  develop  one  watt 
of  power,  which  is  equal  to  ri^  of  a  horse- 
power. (The  watt  is  named  in  honor  of  James 
Watt,  the  Scottish  inventor  of  the  steam-en- 
gine—1786-1813).  In  other  words,  746  watts 
equal  one  horse-power.  By  multiplying  volts 
and  amperes  together  we  get  watts. 

If  we  want  to  carry  only  a  small  current  for 
a  long  distance  we  do  not  need  to  use  large 
cells,  but  many  of  them.  We  increase  the 
pressure  or  voltage  by  increasing  the  number 
of  cells  set  up  in  series.  If  we  have  a  wire  of 
given  length  and  resistance  and  find  we  need 
100  volts  to  force  the  right  amount  or  strength 
of  current  through  it,  and  the  electromotive 
force  of  the  cells  we  are  using  is  one  volt  each, 
it  will  require  100  cells.  If  we  have  a  battery 
that  has  an  E.  M.  F.  of  two  volts  to  the  cell, 
as  the  storage-battery  has,  fifty  cells  would 
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answer.  If  we  want  a  very  strong  current  of 
great  volume,  so  to  speak,  for  electric  light  or 
power  and  use  a  galvanic  battery,  we  should 
have  to  have  cells  of  large  surface  and  lower 
resistance  both  inside  and  outside  the  cells. 

When  dynamos  are  used  they  are  so  con- 
structed that  a  given  number  of  revolutions 
per  minute  will  give  the  right  voltage.  In 
fact,  the  dynamo  has  to  be  built  for  the  amount 
of  current  that  must  be  delivered  through  a 
given  resistance.  The  same  holds  good  for  a 
dynamo  as  for  a  galvanic  battery.  If  any  one 
factor  is  fixed  we  must  adapt  the  others  to 
that  one  m  order  to  get  the  result  we  want. 
Ihere  are  many  other  units,  but  to  introduce 
them  here  would  only  confuse  the  reader.  The 

w"ri-*"'^''''*J'  '^^^"^^  *«  th^  text-books. 
r..  A^  .  ?  """^^^^  ^  preliminary  we  are  pre- 
pared to  take  up  the  applications  of  electricity, 
which  to  most  people  will  be  more  interesting 
than  what  has  gone  before. 


CHAPTER  X. 


THE  ELECTRIC  TELEGRAPH. 

In  the  year  1617  Strada,  an  Italian  Jesuit, 
proposed  to  telegraph  news  without  wires  by 
means  of  two  sympathetic  needles  made  of 
loadstone  so  balanced  that  when  one  was 
turned  the  other  would  turn  with  it.  Each 
needle  was  to  have  a  dial  with  the  letters  on  it. 
This  would  have  been  very  nice  if  it  had  only 
worked,  but  it  was  not  based  on  any  known 
law  of  nature. 

Many  attempts  at  telegraphing  with  elec- 
tricity were  made  by  different  people  during 
the  eighteenth  century.  About  1748  Franklin 
succeeded  in  firing  spirits  by  means  of  a  wire 
across  the  Schuylkill  River,  using,  as  all  the 
other  experimenters  had  done,  frictional  elec- 
tricity. In  1753  an  anonymous  letter  was  writ- 
ten to  Scott's  Magazine  describing  a  method 
by  which  it  was  possible  to  communicate  at  a 
distance  by  electricity.  The  writer  proposed 
the  use  of  a  wire  for  each  letter  of  the  alpha- 
bet, that  should  terminate  in  pith  balls  at  the 
receiving  end,  and  under  the  balls  were  to  be 
strips  of  paper  corresponding  to  the  letters  of 
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and  read  by  the  observer  Then  tho  T'  ^'" 
responding  to  the  second  ettcr  of  h^  ^'^  """" 
to  be  charired  in  i:k"  "^^"^^  ^^  *he  word  was 

would  have  been  roasted  for  what  in  fC  f"' 
he  would  be  toasted.       -iLrankV^ril    ''', 

w&  innovator  Tr" ,'"'™  "^^  """l" 

?r^x-t^^i:3rH"- 

bodies.      Notwith9tanHrn„^'f •  "'^''  ''^'""'"'y 
.eed-thou^ht  so;X  tttlrrStit: 
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minds,  which  led  to  the  triumph  of  scientific 
truth  over  religious  fanaticism. 

The  writer  in  Scott's  Magazine  did  not  have 
the  opportunity  to  put  his  ideas  into  practice, 
so  the  glory  of  the  invention  fell  to  others. 
Such  men  as  this  unknown  writer  arc  made  of 
finer  stuff,  and  they  stand  alone  on  the  fron- 
tier of  progress.  They  do  not  fear  the  bullets 
of  an  enemy  half  so  much  as  the  gibes  of  a 
friend.  Much  of  their  work  is  done  quietly 
and  without  notice,  and  when  something  of 
real  importance  is  worked  out  theoretically 
and  experimentally,  some  one  seizes  upon  it 
and  proclaims  it  from  the  housetops  and  at- 
taches to  it  his  name ;  but  perhaps  years  after 
the  real  inventor  (the  man  who  taught  the  so- 
called  inventor  how  to  do  it)  is  dead,  some  one 
writes  a  book  that  reveals  the  truth,  and  then 
the  hero-loving  people  erect  a  monument  to 
his  memory. 

Such  a  man  was  our  own  Professor  Joseph 
Henry,  so  long  the  presiding  genius  at  the 
Smithsonian  Institution  at  Washington.  He 
worked  out  all  the  problems  of  the  present 
American  telegraphic  system  and  demon- 
strated it  practically.  Everything  that  made 
the  so-called  Morse  telegraph  e  success  had 
long  before  been  described  and  demonstrated 
by  Henry.  Yet  with  the  modest  grace  that 
was  ingrained  in  the  man  he  yielded  all  to  the 
one  who  was  instrumental  in  constructing  the 
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^t  telegraph  lino  between  Baltimore  and 
Washington  Great  credit  is  due  to"uS  men 
as  Morse  and  Cyrus  W.  Reld-neither  of  thlm 
inventors,  but  promoters  of  great  systjmso^ 

Morse  carried  it  into'^S       M^^'eZ'  had 
no  more  credit  than  was  due Tr  but  ts 
Henry  had   as  much  as   is  due^'im?     M 
great  invention  was  ever  yet  thT^o^  wholt 
of^eman.    We  Americans  are  too  a'^ttt: 

I  shall  always  remember  Henrv  aa  a  mnof 

never  forget  his  liindness  to  me.    In  1874  T 
began  my  researches  in  telephony,  having  an 

a  metal  plate  (stretched  onX^^ff  aWolin 

op^ator  cou.d'^X  a'tVt?  ^^1^ 

K'antaa„.t;5^-r^ 
-m  to  room  in  the^L'trCLrX^- 
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had  witnessed  the  experiments  he  seemed  as 
delighted  as  a  child.  I  now  brought  the  pat- 
ent office  official  over  to  the  Smithsonian  and 
soon  convinced  him  that  the  irventor  could  be 
a  part  of  his  own  machine. 

The  same  year  I  went  abroad,  and  Henry 
gave  me  a  letter  to  Tyndall.    It  was  very  for- 
tunate for  me  that  he  did,  for  Tyndall  was 
very  shy  at  first,  and  it  was  only  Henry's 
letter  that  gave  me  a  hearing  for  a  moment. 
Ihe  history  of  the  few  days  that  followed  this 
first  interview  with  Tyndall  at  the  Royal  In- 
stitution would  make  very  interesting  reading, 
if  I  felt  at  liberty  to  publish  it.  Suffice  it  to  say 
that  he  was  convinced  in  a  few  minutes  after- 
he  had  reached  the  experimental  stage  that  not 
all  my  work  had  been  anticipated  by  Wheat- 
stone,  as  he  asserted  before  seeing  the  experi- 
ments. ^  Wheatstone  had  transmitted  the  tones 
of  a  piano,  mechanically,  from  one  room  to 
another  by  a  wooden   rod   placed  upon   the 
sound-board  and  terminating  in  another  room 
m  contact  with   another  sound-board.     But 
this   was    very   diflPerent    from    transmitting 
musical  tones  and  melodies  from  one  city  to 
another  through  a  wire,  as  I  could  do  with  my 
electrotelephonic  apparatus. 
^  It  is  a  curious  fact  that  the  world  is  divided 
into  two^  great  classes,  leaders  and  followers. 
Or  we  might  say,  originators  and  copyists;  the 
former  division  being  very  small,  while  the 
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latter  is  very  krpre.    As  late  as  1820  the  Eur^ 
pean  philosopher,  were  trvinir  fn  1    ! 
telegraphic  system  bastd'^on  tZLTl: 
nounced  a  long  time  before  to  wit  fhl^'      , 

every  letter.    It  does  not  seem  to  have  occurred 

use  simply  one  wire.  '  ^""^  ^ 

In  1819  Oersted  discovered  the  effect  of  « 

appHed  it  to  .oft  i.o„.  :„dTc;rs-thotZ 

However,  there  remained  another  erpnf  ^;« 

be  ut  hzed  for  telegraphic  purposes.  One  cell 
of  battery  was  used,  and  the  magnet  was  made 
by  ^y,ndlng  one  layer  of  wire  spirally  around 

Ihh'T'  '^  t''  ^^^^  «P^^«1  ^«^  out  o/ touch 
with  Its  neighbor.    Barlow  of  England  a  F^T 

uTreltlr^rh  '^^^^*^'  *"^^  thf  effe'c^  oTa' 
current  through  a  wire  200  feet  lono-    .„J 

found  that  the  power  was  so  dim  n  shed  that 

he  was  discouraged,  and  in  a  paper  gave  it  1 

his  opinion  that  galvanism  was  of  n„  use  for 
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telegraphing  at  a  distance.  This  paper  stim- 
ulated others,  and  it  was  reserved  for  our  own 
Joseph  Henry,  already  referred  to,  to  show  not 
only  how  to  construct  a  magnet  for  long-dis- 
tance telegraphy,  but  also  how  to  adapt  the 
battery  to  the  distance.  He  showed  us  that 
by  insulating  the  wire  and  using  several  layers 
of  whirls,  instead  of  one,  and  by  using  enough 
cells  of  battery  coupled  up  in  series  to  get 
more  voltage,  as  we  now  express  it,  it  was 
possible  to  transmit  signals  to  a  distance.  He 
not  only  set  forth  the  theory,  but  he  con- 
structed a  line  of  bell-wire  1060  feet  long  and 
worked  his  magnet  by  making  the  armature 
strike  a  bell  for  the  signals,  which  is  the  basis 
of  the  modem  "  sounder." 

Nothing  was  needed  but  to  construct  a  line 
and  devise  a  code  to  be  read  by  sound,  to  have 
practically  our  modern  Morse  telegraph.  This 
line  w^s  constructed  in  1831.  In  1835  Henry, 
who  was  then  at  Princeton,  constructed  a  line 
and  worked  it  as  it  is  to-day  worked,  with  a  re- 
lay and  local  circuit,  so  that  at  that  period  all 
the  problems  had  been  worked  out.  But,  like 
the  speaking-telephone  in  its  early  inception, 
no  one  appreciated  its  real  importance.  Henry 
himself  did  not  think  it  worth  while  to  take 
out  a  patent.  Two  years  later  the  Secretary 
of  the  Treasury  sent  out  a  circular  letter  of 
inquiry  to  know  if  some  system  of  telegraphic 
communication  could  not  be  devised.       The 
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learned  heads  of  the  Franklin  Institute  of 
Philadelphia,  the  oldest  scientific  society  in 
America,  advised  that  a  semaphore  system  be 
established  between  New  York  and  Washing- 
ton, consisting  of  forty  towers  with  swinging 
arms,  the  same  as  used  in  the  days  of  Welling- 
ton. Among  other  replies  to  the  circular  letter 
of  the  secretary  was  one  from  Samuel  F.  B. 
Morse.  Morse  was  not  a  scientist  or  even  an 
inventor,  at  least  not  at  that  time.  He  was  an 
artist  of  some  note.  In  1832,  while  crossing 
the  ocean,  Morse,  in  connection  with  one  Dr. 
Jackson  of  Boston,  devised  a  code  of  tele- 
graphic signs  intended  to  be  used  in  a  chem- 
ical telegraph  system. 

Some  years  later   Morse   adapted   Ilenry^s 
signal-instrument   to   a   recorder,   called   the 
Morse  register,  and  this  was  the  instrument 
used  in  the  early  days  of  the  Morse  telegraph. 
What  Morse  seems  to  have  really  invented 
was  the  register,  which  ni ;    ;  embossed  marks 
:  on  a  strip  of  pf.per,  and  tiae  code  of  dots  and 
dashes  representing  letters,  now  known  as  the 
Morse  alphabet,  although  this  latter  is  ques- 
tioned.   Morse  took  his  apparatus  to  Wash- 
ington and  exhibited  it  to  the  members  of  Con- 
gress in  the  year  1838,  but  it  was  four  years 
before  a  bill  was  passed  that  enabled  him  to 
try  the   experiment   between   Baltimore   and 
Waohington.    We  will  let  him  describe  in  his 
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own  words  the  cloainpr  day  of  Congress.      He 
says ; 

"My  bill  had  indeed  passed  the  House  of 
Representatives  and  it  was  on  the  calendar  of 
the  Senate,  but  the  evening  of  the  last  day  had 
commenced  with  more  than  100  bills  to  be  con- 
oidered  and  passed  upon  before  mine  could  be 
reached.       Wearied  out  with  the  anxiety  of 
suspense,   I  consulted   one   of  my   senatorial 
friends.     lie  thought  the  chance  of  reaching 
it  to  be  so  small  that  he  advised  me  to  consider 
it  as  lost.    In  a  state  of  mind  which  I  must 
leave  you  to  imagine,  I  returned  to  my  lodg- 
ings to  make  preparations  for  returning  home 
the  next  day.     My  funds  were  reduced  to  the 
fraction  of  a  dollar.    In  the  morning,  as  I  was 
about  to  sit  down  to  breakfast,  the  servant  an- 
nounced that  a  yoang  lady  desired  to  see  me 
in  the  parlor.    It  was  the  daughter  of  my  ex- 
cellent friend  and  college  classmate,  the  com- 
missioner  of   patents,    Henry   L.    Ellsworth. 
She  had  called,  she  said,  by  her  father's  per- 
mission, and  in  the  exuberance  of  her  own  joy, 
to  announce  to  me  the  passage  of  my  telegraph  • 
bill  at  midnight,  but  a  moment  before  the 
Senate  adjourned.  This  was  the  turning-point 
of  the  telegraph  invention  in  America.     As 
an  appropriate  acknowledgment  of  the  young 
lady's   sympathy   and   kindness— a   sympathy 
which  only  a  woman  can  feel  and  express—I 
promised  that  the  first  dispatch  by  the  first 
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line  of  toloprraph  from  Washington  to  Balti- 
more should  be  indited  by  her;  to  which  she 
replied:  '  Kemember,  now,  I  shall  hold  you  to 
your  word.'  About  a  year  from  that  time  the 
line  was  completed,  and,  everything  being  pre- 
pared. I  apprised  my  young  friend  of  the  fact.  " 
A  note  from  her  inclosed  this  dispatch  •  '  What 
hath  God  wrought?'  These  were  the  first 
words  that  passed  on  the  first  completed  line 
in  America." 

The  first  telegraph-line  in  America  was  put 
into  operation  in  the  spring  of  1844  at  the  be- 
ginning of  Polk's  administration.    I  remem- 
ber asa  boy  having  the  two  cities.  Baltimore 
and  Washington,  pointed  out  to  me  on  the 
map,  and  how  the  story  of  the  telegraph  im- 
pressed me.      Congress  appropriated  $30,000 
for  the  construction  of  the  line,  and  $8000  to 
keep  It  running  the  first  year.     It  was  placed 
under  the  control  of  the  postmaster-general, 
and  the  line  was  thrown  open  to  the  public. 
Ihe  tariflF  was  fixed  at  one  cent  for  every  four 
words.    It  was  open  for  business  on  April  1  ' 
1844,  and  for  the  first  few  days  the  revenue  ' 
was  exceedingly  small.  On  the  morning  of  the 
lirst  day  a  gentleman  came  in  and  wanted  to 
see  It  work."    The  operator  told  him  that  he 
would  be  glad  to  show  it  at  the  regular  tariff 
of  one  cent  for  four  words.     The  gentleman 
grew  angij  and  said  that  he  was  influential 
With  the  administration,  and  that  if  he  did  not 
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show  him  the  working  free  of  charge  he  would 
see  to  it  that  he  lost  his  job.  His  bluff  did  not 
succeed.  The  operator  referred  him  to  the 
posLtmaster-general,  and  thus  the  stormy  inter- 
view ended.  No  patrons  came  in  for  the  next 
three  days,  but  a  great  number  stood  around 
hoping  to  see  the  instrument  start  up,  but  no 
one  was  willing  to  invest  a  cent — ^probably 
from  fear  of  being  laughed  at. 

On  the  fourth  day  the  same  gentleman  who 
had  threatened  the  young  man  with  dismissal 
came  back  and  invested  a  cent,  and  this  was 
the  first  and  only  revenue  fcr  four  days.  The 
message  that  was  sent  only  came  to  one-half 
cent,  but  as  the  operator  could  not  make 
change  the  stranger  laid  down  the  cent  and 
departed.  His  name  ought  to  be  known  to 
fame  as  the  first  man  patron  of  the  telegraph. 

The  operation  of  the  Morse  telegraph  is  very 
simple  if  we  grant  all  that  has  gone  before.  All 
that  is  needed  is  the  wire,  the  battery,  and  the 
key,  as  shown  in  Fig.  2  (page  99),  and  a  relay 
— an  extra  electromagnet  which  receives  the 
electric  current  and  by  its  means  puts  into  or 
out  of  action  a  small  local  battery  on  a  short 
circuit  in  which  is  placed  the  receiving  or  re- 
cording apparatus.  Thus  we  have  a  wire 
starting  from  the  earth  in  New  York  and  pass- 
ing through  a  battery,  a  key  and  a  relay,  and 
thence  to  Boston  on  poles,  with  insulators  on 
which  the  wire  is  strung,  and  through  another 
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instrument,  key  and  battery  in  Boston,  the 
same  as  at  the  New  York  end,  and  into  the 
ground,  leaving  the  earth  to  complete  one-half 
of  the  circuit.  When  the  keys  at  both  ends  are 
closed  the  batteries  aie  active  and  the  arma- 
tures or  "keepers"  are  attracted  so  that  the 
armature  levers  rest  on  the  *  rward  stops. 
(See  diagram  Fig.  2.)      If  eitner  one  of  the 
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nf  A.^^®^  ^^/*?r*™  '*«'^  of  a  Morse  telegraphllne  with  three 

thtfc  offlies^n  ^T*V  ^P  ^'  *^«  Emitting  keys  In 
ine  tnree  Offices;  D  D  D,  the  relay  ma^niets;  E  E  E.  the  artna. 
tures  that  are  actuated  by  the  niagnete.     '  '^  ""^'  '"*'  "™*- 

keys  is  opened  the  current  stops  flowing  and 
the  magnetism  vanishes  from  all  the  electro- 
magnets on  the  line,  and  a  spring  or  retractile 
of  some  kind  pulls  the  armatures  away  from 
the  magnets  and  the  levers  rest  on  their  back 
stops.  In  this  way  all  the  levers  of  all  the 
magnets  are  made  to  follow  the  motions  of 
any  key.  If  there  are  more  than  two  magnets 
in  circuit  (and  there  may  be  twenty  or  more) 
they  aL  respond  in  unison  to  the  working  of 
one  key,  so  that  when  any  one  station  is  send- 
ing a  dii  patch  all  the  other  stations  get  it. 
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f  h.  n  T  "'  ^.  ?^"  "  ^^^  ^«<^h  Office,  so  that 
the  operator  only  heeds  the  instrument  when 
he  hears  his  own  call.  Operators  become  so  ex 
pert  m  reading  by  sound  that  they  may  lie 
down  and  sleep  in  the  room,  and,  although  the 
instrument  is  rattling  away  all  the  time  he 
does  not  hear  it  till  his  own  call  is  made?when 
he  immediately  awakes. 

«i;n«  nf^  ""^^  days  messages  were  received  on 
slips  of  paper  by  the  Morse  register  by  means 

iL^^  r'  'r^-  ^^^^^^"^  *he  operator 
learned  to  read  by  sound,  till  now  this  mode 
of  receiving   is   almost   universal   the   world 

Sn  tT  "^  ^^  T"^  ^^^  «f  ^«^^"can 
origin.    It  is  a  spoken  language,  and  when  one 

becomes  accustomed  to  it  it  is  like  any  other 
language.  This  code  language  has  some  ad- 
vantages over  articulate  speech,  as  well  as 
many  disadvantages.  A  gentleman  who  was 
connected  with  a  Louisville  telegraph  office 
told  me  that  one  of  the  best  operaLs  he  ever 
knew  was  as  deaf  as  a  post.    He  would  receive 

leg  of  the  table  upon  which  the  sounder  was 
mounted,  and  through  the  sense  of  feelfng  re- 
ceive the  long  and  short  vibrations  of  the 
table,  and  by  this  means  read  as  well  or  better 
than  through  the  ear,  because  he  was  notl^^! 
tracted  by  other  sounds. 

A  story  is  told  of  the  late  General  Stager 
that  at  one  time  he  was  on  a  train  that  was 
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^ked  at  some  distance  from  any  station 
by  alternately  jom.ng  and  separating  the  ends 

ar''^ernrK;rw^:rofr''-^'- 
°;r-thit  vf  -'^  '""-=  andtsttdtt^h: 

reply—that  help  was  coming.    Any  one  whn 

pt'nZe:^!*^  "  ""'-"*  '^"»-  »'"'*  *°"  -^ 

A  story  similar  to  this  is  told  of  the  earlv 

point.     This  sX"n.";dT  matsrVemi: 

th  tenl''''^L'  "'  ^  --""  P-"ed 

inrougft  It  left  marks  on  the  naoer  frnm  th^ 
decomposition  of  the  chemieak  "^L^rof  the 

tion  time.    At  some  station  out  of  Washing- 
sister  a^'^^r/  T  T"'"^^''  "^^o  '■"^a  S 
Mster  and  this  sister  Icnew  the  Morse  alphabet 
well  before  she  became  blind.    One  eveninTa 
signal  eame  to  get  ready  for  a  mes^Ig"  "on 
taming  the  returns  from  the  elec"on     IntL 
hurjy.  and  just  as  the  message  S  started  the 
lamp  was  upset  and  they  were  in  Mtli  j    . 
ness-at  least,  the  brother  was      t1     •"**" 
C/bf  i  had  been  in  da^knT;  a  lo^g^Z' 
The  blmd  sister  leaned  oyer  the  stylus  thrl^h 
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which  the  current  flowed  to  the  paper  and 
.  smelled  out  as  well  as  spelled  out  the  message, 
and  repeated  it  to  her  astonished  brother. 

By  he  old  semaphore  system  the  motions 
were  sensed  through  the  eye  as  well  as  the 
early  method  of  cable  signaling.  It  will  be 
seen  from  the  above  that  the  Morse  code  may 
be  communicated  through  any  one  of  the  five 
senses. 


CHAPTER  XI. 


RECEIVING  MESSAGES. 

With  but  few  exceptions  the  Morse  code  is 
the   one   almost   universally  used   the   world 
over.    As  it  is  used  in  Europe,  it  is  slightly 
changed  from  our  American  code,  but  they  all 
depend  upon  dots,  dashes,  and  spaces,  related 
in  different  combinations,  for  the  different  let- 
ters.   Notwithstanding  its  universal  use  it  is 
not  free  from  serious  difficulties  in  transmis- 
sion unless  it  is  repeated  back  to  the  sender  for 
correction;   and  then  in  some  cases  it  is  im- 
possible to  be  sure,  owing  to  difficulties  of 
punctuation  and  capitalizing,  and  the  further 
difficulty    of   running    the    signals    together, 
caused,  It  may  be,  by  faulty  transmission,  in- 
duced currents  from  other  wires,  "  swinging 
crosses"   or   atmospheric   electricity.     Some- 
times It  IS  a  psychological  difficulty  in  the 
mmd  of  the  receiving-operator.    The  telegraph 
companies  have  to  suffer  damages  from  all 
these  and  many  other  unforeseen  causes, 
irrescott  tells  some  curious  things  that  hap- 

peculiarities   of   the   receiving-operator.     At 
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one  time  he  was  reporting  by  telegraph  one  of 
Webster  s  speeches  made  at  Albany  in  1852  in 
which  there  were  many  pithy  interrogative 
sentences,  and  he  was  desirous  of  having  the 
interrogation-points  appear.  So  to  make  sure, 
whenever  he  wished  an  interrogation-point  he 
said  question »  at  the  end  of  almost  every 
sentence.  Next  day  he  was  horrified  on  read- 
ing the  speech  to  see  the  ends  of  the  sentences 
bristling  with  the  word  "question" 

Some  time  back  in  the  fifties  a  gentleman 
m  Boston  telegraphed  to  a  house  in  New  York 
to  forward  sample  forks  by  express."  The 
message  when  received  by  the  New  York  mer- 
chant read:    "Forward  sample  for  K  S    bv 

ITri  J^l,^^^  York  merchant  did 'not 
know  who  K.  S.  was,  nor  did  he  gather  from 
the  dispatch  what  k  nd  o:  sample  he  wanted. 
So  he  went  to  the  telegraph  office  to  have  the 

peated  the  message,  saying  "sample  forks." 

mat  8  the  way  I  received  it  and  so  delivered 

It-sample  for  K.  S.,"  said  New  York    «  BuT" 

ZlkT\"^i'^^l'T'  for  K.  S.;  I  said 
start  ^rid   ^T/«'k  ^«d  read  it  wrong  in  the 

What  a  fool  that  Boston  fellow  is.  He  savs 
he  did  not  say  for  K.  S.,  but  for  K  S."  S 
ton  had  to  resort  to  the  United  States  mail  be- 
fore the  mystery  was  solved. 

Curiously  enough,  the  old  method  of  record- 
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ing  the  dots  and  dashes  on  the  paper  strip  was 
not  so  reliable  as  the  present  mode  of  reading 
by  sound.  A  man  can  put  his  individuality  to 
some  extent  into  a  sounder,  and  when  one  be- 
comes used  to  his  style  it  is  much  easier  to 
read  him  accurately  by  sound  than  by  the  paper 
impressions.     Some  people  never  could  learn 
to  read  either  by  paper  or  sound.    An  instance 
of  this  kind  18  given  of  a  middle-aged  man 
who  was  employed  by  a  railroad  company  as 
depot  master  and  telegraph  operator,  in  the 
old  days  of  the  paper  strip.     One   day  he 
rushed  out  and  hailed  the  conductor  of  a  train 
that  had  just  pulled  into  the  station,  and  told 
him  that  -—  train  had  broken  both  driving- 
wheels  and  was  badly  smashed  up.    The  con- 
ductor  could  read  the  mystic  symbols,  so  he 
took  the  tape  and  deciphered  the  dispatch  as 
follows:    «Ask  the  conductor  of  the  Boston 
nfTX^T'^^'''^  carefully  the  connecting-rods 
of  both  drivmg-wheels,  and  if  not  in  good  con- 
dition to  await  orders."    It  is  further  related 
*^i8  same  operator  that  when  he  got  into 
real  difficulty  with  his  « tape  "  he  used  to  run 
oyer  to  the  regular  commercial  office  to  have 
his  messages  translated.     Oie  day  he  rushed 
into  his  neighbor's  office  trailing  the  tape  be- 
hind him  and  saying:  « I  am  sure  an  awful  ac 
cident  has  happcr   ^  by  the  way  the  message 
was  rattled  off."    a  playful  dog  had  torn  offa 
lar^e  part  ol  the  strip  as  it  trailed  along,  so 
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only  a  part  was  left.  It  read,  "  Good  morning, 
Uncle  Ben.  When  are  you  — —  "  The  dog 
had  swallowed  the  balance  of  the  dispatch. 

Sometimes  the  Morse  code  is  not  only  funny 
but  disastrous.  A  gentleman  wanted  to  bor- 
row money  of  some  capitalists  who,  not  know- 
ing his  financial  standing,  telegraphed  to  a 
banker  who  they  knew  could  post  them.  They 
received  an  answer,  "Note  good  for  large 
amount."  The  gentleman  borrowed  a  "large 
amount,"  but  afterward  when  it  came  to  be 
investigated  it  was  found  that  the  dispatch 
was  originally  written  "not,"  instead  of 
"  note,"  which  made  "  all  the  difference  in  the 
world." 

It  has  been  stated  that  any  one  of  the  five 
senses  may  be  called  into  service  to  interpret 
the  Morse  code  into  words  and  ideas.  A  story 
is  told  by  Mr.  Prescott  that  he  says  is  true,  as 
he  knew  the  party.  A  friend  of  his,  by  name 
Langenzunge.  who  knew  the  Morse  code,  had 
served  under  General  Taylor  (who  at  this  time 
was  President)  at  Palo  Alto,  in  Mexico.  The 
general  had  just  promised  him  an  ofiice;  soon 
after  he  left  Washington  for  the  west  over  the 
Baltimore  and  Ohio  on  a  freight  train;  the 
President  was  taken  seriously  ill,  and  his 
friend  hearing  of  it  was  troubled  not  only  be- 
cause he  loved  the  old  general,  but  on  account 
of  the  change  in  his  own  prospects.  The  train 
stopped  somewhere  on  the  Potomac  at  mi^- 
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night  and  remained  there  for  four  hours.  Un- 
easy  and  sad  he  wandered  down  the  track  and 
chmbed  a  pole,  cut  the  wire  and  placed  the 
ends  each  side  of  his  tongue  and  tasted  out 
the  fatal  message-"  Died  at  half-past  ten." 
The  shock  (not  the  electric)  was  so  great  that 
he  almost  fell  from  the  pole. 

What  a  situation  I    A  man  climbs  a  pole  at 
midnight  miles  from  the  sick  friend  he  loves 
puts  his  tongue  to  inanimate  wire,  and  is  told 
in  concrete  language-through  the  sense  of 
taste-that  his  friend  is  dead.     This  is  only 

theMXr^'  "'"^  "'"'"'^  ^^^"^^^  '' 


CHAPTER  Xn. 


MISCELLANEOUS  METHODS. 


"It  never  rains   but   it   pours."     Almost 
simultaneously  with  the  demonstration  of  the 
Morse   telegraph    other   types   were    devised. 
There  were  the  needle  systems  of  Cooke  and 
Wheatstone,  the  chemical  telegraph  of  Alex- 
ander Bain,  and  soon  the  printing  telegraph 
of  House,  and  later  that  of  Hughes.    The  lat- 
ter is  in  use  on  the  continent  of  Europe,  and 
a  modification  of  it  has  a  very  limited  use  on 
some  American  lines.     The  Bain  telegraph 
used  a  key  and  battery  the  same  as  the  Morse 
system,  but  it  did  not  depend  upon  electro- 
magnetism  as  the  Morse  system  does.    When 
in  operation  a  strip  of  paper  was  made  to  move 
under  an  iron  stylus  at  the  receiving-end  of 
the  line.    The  paper  was  saturated  with  some 
chemical  that  would  discolor  by  the  electro- 
lytic action  of  the  current.    When  a  message 
was  sent  the  paper  was  set  to  moving  by  a 
clock  mechanism  or  otherwise,  under  the  sty- 
lus that  was  pressing  on  the  paper  as  it  passed 
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over  a  metal  roller  or  bed-plate.    The  trans- 
mitting-operator  worked  his  key  preciselv  «. 

sysif ne  "f  r  ---^^  b^A:: 

system.      Ihe    effect    was    to    send    currents 

Morse  code  and  recorded  on  the  tape  in  marks 
that  were   bine   or  brown,   according   trthe 

TnThr*  "'1-  ^  ^^"  ^"^^«  ---  -^ablished 
m  this  country  on  the  Bain  system  but  it 
never  came  into  general  use. 

A  number  of  systems,  called  « automatir »' 
grew  out  of  the  Bain  system.  BaTn  h^^ tlf 
demised,  perhaps,  the  first  automatic  "elegZh 

through  between  rollers  fhTalW  th'  "stZ 
to  nde  on  the  paper  and  drop  throuBh  the 

amount  rfr*'"  '^f ""  ™^  *°  senTa  t  J* 
Tort  t  me     l/T  *™"«*'  "  ^'"^'^  ''"«  '»  « 

^'raXv  \o'r  prpaT,7rr"' •''^*•'« 

and  then  translated'atTh:ltiv*Sg™dTnd 
put  into  ordinary  writing  for  delive^.  ^ 
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The  automatic  system  is  not  used  except  for 
special  purposes,  and  the  one  that  seems  to  bo 
the  most  favored  is  that  of  Whoatstone.  The 
system  is  in  use  in  England  and  iu  America  to 
a  limited  degree. 

Early  in  'he  history  of  the  telegraph  a  print- 
ing   system    was    devised.      Wheatstone    and 
others  had  proposed  systems  of  printing  tele- 
graphs in  Europe,  but  tiiese  never  passed  tlie 
experimental  stage.     The  first  printing  tele- 
graph  introduced   in   America   was    invented 
by  Royal  E.  House  of  Vermont,  and  first  in- 
troduced in  1847  on  a  line  between  Cincinnati 
and  Jeffersonville,  a  distance  of  150  miles.    In 
1849  a  line  for  commercial  use  was  established 
between  New  York  and  Philadelphia,  and  for 
some  years  following  many  lines  were  equipped 
with  the  House  printing  telegraph  instrument. 
The  late  General  Anson  Stager  was  a  House 
operator  at  one  time.    All  printing  telegraph 
instruments,  while  diifering  greatly  in  detail, 
have  certain  things  in  commott    to  wit:    a 
means  for  bringing  the  type  into  position,  an 
jnkmg  device,  a  printing  mechanism,  a  paper 
feed,  and  a  means  for  bringing  the  type-wheels 
into  unison.    There  are  two  general  types  of 
printinfe    instruments,   the   step-by-step,    and 
the  syi.-K     ^  •  sly  ^aoving  type-wheels.     The 
House  pnn:.  •  -r^m  a  step-by-step  instrument 
and  con.,ii;i- u  of  two  par^:.,  a  transmitter  and 
a  receiver.    The  transmitter  consists  of  a  key- 
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board  like  a  piano,  with  twenty-eight  keys. 
These  keys  are  held  in  position  by  spring, 
lender  the  keys  is  a  cylinder  having  tweZ: 
e.ght  p,ns  on  it  corresponding  to  the  twenty- 

space.  Th.s  cylinder  was  driven  by  some 
power.  In  those  days  it  was  by  man-power 
It  was  earned  by  a  friction,  so  that  it  coTld 
be  easily  stopped  by  the  depression  of  any  0,0 
cf  the  keys  that  interfered  with  one  of  the 
pins      One  revolution  of  the  cylinder  would 

ZSr,Tf  ''T  * •\''"'''*"*  twenty-eight  tTmes. 
making  twenty-eight  steps. 

The  receiving-instrument  consisted  of  a 
type-wheel  and  means  for  driving  it.  It  was 
somewhat  complicated,  and  can  only  ie  de! 
scribed  m  a  general  waj.  If  the  eyLder  of 
the  transmitter  was  set  to  rotating  it  would 

luUon     mr  *^n^-^'«'"  t™"'  e-ch  revo 
lution     (There  were  fourteen  closes  and  four- 
teen  breaks,  each   break  and  each   close   of 
the  current  representing  a  step.)     The  tyne- 

Sghf  t^:  r-™'.™  •J-"'''  into  twX 
eight  parts,  hnvmg  twenty-six  letters  and  a 
dot  and  space,  each  break  moved  it  one"  ten 

tuh'i.'s  t^r/  -^T^  '."  *'«'*  »  'he  Xdcr! 
with  Its  twenty-eight  pins,  started  in  unison 

with  the  type-whoel,  with  its  twenty-eight  let 

ters  and  spaces  they  would  revolve  in  unison. 

pressed  the  pin  corresponding  to  it  on    the 
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cylinder  would  strike  it  and  stop  the  rotation 
of  the  cylinder,  which  stopped  the  breaking 
and   closing   of   the   circuit,   which   in   turn 
stopped  the  rotation  of  the  type-wheel-and 
not  only  stopped  it,  but  also  put  it  in  a  posi- 
tion  so  that  the  letter  on  the  type-wheel  corre- 
sponding to  the  letter  on  the  key  that  was  de- 
pressed was  opposite  the  printing  mechanism. 
1  he  printing  was  done  on  a  strip  of  paper, 
which  was  carried  forward  one  space  each  time 
It  printed.  The  printing  mechanism  was  so  ar- 
ranged that  so  long  as  the  wheel  continued  to 
rotate  It  was  held  from  printing,  but  the  mo- 
ment the  type-wheel  stopped  it  printed  auto- 
matically. 

The  messages  were  delivered  on  strips  of 
paper  as  they  came  from  the  machine. 

.nffi  f  ^^""'^  ?•  ^"^^^"  «^  Kentucky  pat- 
ented a  type-prmting  telegraph  that  employed 
a  different  principle  for  rotating  the   type- 

±r  T^  f ''''''  ^"^^^-*  -««  "«ed  for 
printing  the  letters  and  unifying  the  tvne- 

wheels  with  the  transmitting-appa^ra  us   Xe 

lolvpT  *'\'^""^f'  "^^  *^«  type-wheelre! 
volved  synchronously,  or  as  nearly  so  as  pos- 
sible, and  the  printing  was  done  without  s?op- 

printed  the  type-wheel  was  corrected  if  there 
was  any  lack  of  unison. 

-orm'is*'?t^ll'^,'"','^^""  '"^  "  ^'^^*^y  ^^Pro^ed 
-orm  is  stiU  used  on  some  of  the  Western 
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Union  lines,  especiaUy  between  l^ew  York 
Boston,  Philadelphia,  and  Washingtol  It  is 
also  ,n  nse  in  one  of  its  forms  in  most  of  the 
European  countries. 


CHAPTER  XIIL 


MULTIPLE  TRANSMISSION. 


Although  the  printing  and  automatic  sys- 
tems of  telegraphing  are  used  in  America  to 
some  extent,  the  larger  part  is  done  by  the 
Morse  system  of  sound-reading  and  copying 
from  it,  either  by  pen  or  the  typewriter.  In 
the  early  days  only  one  message  could  be  sent 
over  one  wire  at  the  same  time,  but  now  from 
four  to  six  or  even  more  messages  may  be  sent 
over  the  same  wire  simultaneously  without 
one  message  interfering  with  the  other.  Like 
most  other  inventions,  many  inventors  have 
contributed  to  the  development  of  multiple 
transmission,  till  finally  some  one  did  the  last 
thing  needed  to  make  it  a  success.  The  first 
attempts  were  in  the  line  of  double  transmis- 
sion, and  many  inventors  abroad  have  worked 
on  this  problem. 

Moses  G.  Farmer  of  Salem,  Mass.,  proposed 
it  as  early  as  1852,  and  patented  it  in  1858. 
Gintl,  Preece,  Siemens  and  Halske  and  others 
abroad  had  from  time  to  time  proposed  dif- 
ferent methods  of  double  transmission,  but  no 
one  of  them  was  a  perfect  success.    When  the 
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line  was  very  long  there  was  a  difficulty  that 
seemed  insurmountable.  In  the  common  par- 
lance of  telegraphy,  there  was  a  "  kick  "  in  the 
instrument  that  came  in  and  mutilated  the 
signals.  About  1872  Joseph  B.  Stearns  of  Bos- 
ton made  a  certain  application  of  what  is 
called  a  "condenser"  to  duplex  telegraphy 
that  cured  the  "kick,"  and  from  that  time  to 
this  it  has  been  a  success.  Farther  along  I  will 
tell  you  what  occasioned  this  "  kick  "  and  how 
it  was  cured.  If  this  or  some  other  method 
could  be  applied  as  successfully  to  cure  the 
many  chronic  "  kickers  "  in  the  world  it  would 
be  a  great  blessing  to  mankind. 

It  has  always  been  a  mystery  to  the  un- 
initiated how  two  messages  could  go  in  oppo- 
site directions  and  not  run  into  one  another 
and  get  wrecked  by  the  way.  If  you  will  fol- 
low me  closely  for  a  few  minutes  I  will  try  to 
tell  you. 

We  have  already  stated  that  an  electro- 
magnet is  made  by  winding  an  insulated  wire 
around  a  soft  iron  core.  If  we  pass  a  current 
of  electricity  through  this  wire  the  core  be- 
comes magnetic,  and  remains  so  as  long  as  the 
current  passes  around  it.  In  duplex  telegraphy 
we  use  what  is  called  a  differential  magnet. 
A  differential  electromagnet  is  wound  with 
two  insulated  wires  and  so  connected  to  the 
battery  that  the  current  divides  and  passes 
around  the  iron  core  in  opposite  directions. 
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Now  if  an  equal  current  is  simultaneously 
passed  through  each  of  the  wires  of  the  coil  in 
opposite  directions  the  eflFect  on  the  iron  will 
be  nothing,  because  one  current  is  trying  to 
develop  a  certain  kind  of  polarity  at  each  pole 
of  the  magnet,  while  the  current  in  the  ocher 
wire  is  trying  to  develop  an  opposite  kind  in 
each  pole.  There  is  an  equal  struggle  between 
the  two  opposinsr  forces,  and  the  result  is  no 
magnetism.  This  assumes  that  the  two  cur- 
rents are  exactly  the  same  strength. 

If  we  break  the  current  in  one  of  the  coils 
we  immediately  have  magnetism  in  the  iron; 
or  if  we  destroy  the  balance  of  the  two  cur- 
rents by  making  one  stronger  than  the  other 
we  shall  have  magnetism  of  a  strength  that 
measures  the  difference  between  the  two. 

Without  specifically  describing  here  the  en- 
tire mechanism— since  this  is  not  a  text-book 
or  a  treatise— we  may  say  that  a  duplex  tele- 
graph-line is  fitted  with  these  differentially 
wound  electromagnets  at  every  station.  When 
Station  A  (Fig.  3)  is  connected  to  the  line 
by  the  positive  pole  of  its  battery,  Station  B 
will  have  its  negative  pole  to  line  and  its  posi- 
tive to  earth.  When  A  depresses  his  key  to 
send  a  message,  half  the  current  passes  by  one 
set  of  coils  around  his  differential  magnet 
through  a  short  resistance-coil  to  the  earth, 
and  the  other  half  by  the  contrary  coil  around 
the  magnet  to  the  line,  and  so  to  Station  B. 
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The  divid-d  current  does  not  affect  A's  own 
station,  being  neutralized  by  the  differential 
magnet,  but  it  does  affect  B,  whose  instrument 
responds  and  gives  him  the  message. 

:fJow  B  may  at  the  same  time  send  a  message 
to  A  by  half  of  his  own  divided  current  from 
nis  own  end  of  the  line. 

The  puzzle  to  most  people  is :  How  can  the 
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signals  pass  each  other  in  different  directions 
on  the  same  wire?  But  the  signals  do  not  have 
to  pass  each  other.  In  effect,  they  pass;  but 
in  tact.  It  is  like  going  round  a  circle— the 
earth  forming  half.  A  sends  his  message  over 
the  line  to  B.  B  sends  his  message  to  A 
through  the  earth  and  up  A's  ground-wire. 
Ihe  operative  who  is  sending  with  positive 
pole  to  line  pushes  his  current  through— so  to 
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speak — while  the  operative  who  is  sending 
with  the  negative  pole  to  line  pulls  more  cur- 
rent in  the  same  direction  through  the  line 
whenever  he  closes  his  key. 

This  may  not  be  a  strictly  scientific  state- 
ment; but,  as  long  as  we  speak  of  a  "cur- 
rent" flowing  from  positive  to  negative  poles 
(which  is  the  invariable  course  electricity 
takes),  it  is  the  way  to  look  at  the  matter  un- 
destandingly. 

The  short  "  resistance-coil "  at  each  end,  for- 
tified by  a  "  condenser  "  made  of  many  leaves 
of  isolated  tin-foil,  to*  give  it  capacity,  offers 
precisely  the  same  resistance  to  the  current  as 
the  500  miles  of  wire  line;  so  that  the  twin 
currents  that  run  around  the  differential  mag- 
net exactly  neutralize  each  other  and  make  no 
effect  in  the  oflSce  the  message  starts  from; 
while  one  of  then,  takes  to  the  earth,  and  the 
other  to  the  line  to  carry  the  message. 

This  condenser  is  necessary,  because  the 
short  resistance-coil  affects  the  current  imme- 
diately, while  the  long  line  with  its  greater 
amount  of  metal  does  not  give  the  same 
amount  of  resistance  till  it  is  filled  from  end 
to  end,  which  requires  a  fraction  of  a  second. 
During  this  time,  however,  more  current  is 
passing  through  the  differential  coil  connected 
with  the  line  than  through  the  short  resist- 
ance-coil; and  the  unequal  flow  causes  the 
relay  armature  to  jump,  or  «  kick."    The  con- 
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denser,  with  the  many  leaves  of  tin-foil,  sup- 
plies the  greater  metal  surface  to  be  traversed 
by  the  short  line  current,  causes  the  flow  to  be 
equal  m  both  circuits  at  all  times,  and  thus 
cures  the     kick."    It  is  this  quality  of  a  con- 
denser that  enables  us  to  give  to  an  artificial 
line  of  any  resistance  all  the  qualities,  includ- 
ing capacity,  and  exhibit  all  the  phenomena 
ot  a  real  line  of  any  length,  and  it  was  this 
quality  that  enabled  Mr.  Stearns  to  take  the 
kick     out  of  duplex  transmission  and  thus 
change  the  whole  system,  which  created  a  new 
era  m  telegraphy. 

^  We  have  just  spoken  of  the  "  capacity  "  of  a 
circuit,  and  stated  that  it  was  determined  by 
the  mass  of  metal  used.  This  capacity  is  meas- 
ured by  a  standard  of  capacity  that  is  arbi- 
trary and  consists  of  a  condenser,  constructed 
so  that  a  given  amount  of  surface  of  tin-foil 
may  be  plugged  in  or  out.  The  practical  unit 
of  capacity  is  called  the  micro-farad,  the  real 
unit  IS  the  farad,  and  takes  its  name  from 
±  araday. 

But  let  us  go  back  to  multiple  systems  of 
transmission.  There  are  many  other  systems 
of  simultaneous  transmission  aside  from  the 
duplex,  and  all  of  them  are  classed  under  the 
general  head  of  multiple  telegraphy.  First 
there  is  the  quadruplex,  that  sends  two  mes- 
sages each  way  simultaneously,  making  one 
wire  do  the  work  of  four  single  wires— as 
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they  were  used  at  first.  The  quadniplex  is 
very  extensively  used  by  the  Western  Union 
Telegraph  Company  and  others.  It  would  be 
difficult  to  explain  it  in  a  popular  article,  so 
we  will  not  attempt  it.  There  is  another  form 
of  multiple  telegraph  that  was  used  on  the 
Postal  Telegraph  line  when  it  first  started— 
which  was  invented  and  perfected  by  the 
writer— that  can  be  more  easily  explained. 

In  1874  I  discovered  a  method  of  transmit- 
ting musical  tones  telegraphically,   and  the 
thing  that  set  my  mind  in  that  dir'^-^tion  was 
a  domestic  incident.    It  is  a  curious  fact  that 
most  inventions  have  their  beginnings  in  some 
incident  or  observation  that  comes  within  the 
experience  of  dome  one  who  is  able  to  see  and 
interpret  the  meaning  of  such  incidents  or 
observations.    I  do  not  mean  to  say  that  in- 
ventions are  usually  the  result  of  a  happy 
thought,  or  accident;    the  germ  may  be,  but 
the  germ  has  to  have  the  right  kind  of  soil 
to  take  root  in  and  the  right  kind  of  culture 
afterward.    It  is  a  rare  thing  that  an  inven- 
tion, either  of  commercial  or  scientific  im- 
portance,  ever  comes   to  perfection   without 
hard  work— midnight  oil  and  daylight  toil; 
and  it  is  rarely,  if  ever,  that  a  discovery  or 
an  invention  based  upon  a  discovery  does  not 
have,  sooner  or  later,  a  practical  use,  although 
we  sometimes  have  to  wait  centuries  to  find  it 
out.     We  had  to  wait  forty-four  years  after 
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the  galvanic  battery  was  discovered  before  it 
became  a  useful  servant  of  man.    It  was  fifty 
years  or  more  after  the  discovery  by  Faraday 
of  magneto-electricity  before  it  found  a  use- 
ful application  beyond  that  of  a  mere  toy,  but 
now  it  is  one  of  the  most  useful  servants  we 
have,  as  shown  in  its  wonderful  development 
in  electric  lighting  and  electric  railroads,  to 
say  nothing  of  its  heating  qualities  and  the 
useful  purpose  it  serves  in  driving  machinery. 
The     interesting     discoveries     of     Professor 
Crookes  in  passing  a  current  of  electricity 
through   tubes   of  high   vacua  waited   many 
years  before  they  found  a  practical  use  in  the 
X-ray,  that  promises  to  be  of  great  service  in 
medicine  and  surgery. 

The    transmission    of    musical    harmonies 
telegraphically,  while  in  itself  of  great  scien- 
tific interest,  was  of  no  practical  use,  but  it 
led  to  other  inventions,  of  which  it  is  the  base, 
that  are  transcendently  useful  in  every-day 
life.     The  transmission  of  harmonic  sounds 
by  electricity  underlies  the  principle  of  the 
telephone.    There  is  a  vast  difference,  in  prin- 
ciple,   between    the    transmission    of    simple 
melody,  which  is  a  combination  of  musical 
tones  transmitted  successively— one  tone  fol- 
lowing another— and  the  transmission  of  har- 
mony, which  involves  the  transmission  of  two 
or  more  tones  simultaneously.     The  former 
can  be  transmitted  by  a  make-and-break  cur- 
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rent.  In  the  latter  case  one  tone  has  to  he 
superposed  upon  another  and  must  be  trans- 
mitted with  a  varying  but  a  continuously 
closed  current.  I  make  a  distinction  between 
a  closed  circuit  and  a  closed  current.  In  the 
case  of  the  arc-light  the  circuit  is  open  (that 
is,  broken),  technically  speaking,  but  the  cur- 
rent is  still  flowing.  The  reason  why  the 
Reiss  and  other  metallic  contact  telephone 
transmitters  cannot  successfully  be  used  for 
telephone  purposes  is  that  metal  points  will 
not  allow  of  sufficient  separation  of  the  trans  • 
mitting  points  without  breaking  the  current 
as  well  as  the  circuit.  Carbon  contacts  admit 
of  a  much  wider  separation  without  actually 
stopping  the  flow  of  the  current,  which  latter 
is  a  necessity  for  perfect  telephonic  transmis- 
sion, and  it  was  the  use  of  carbon  that  made 
that  form  of  transmitter  a  success. 

There  are  other  forms,  or  at  least  one  other 
form  that  does  not  depend  upon  the  length  of 
the  voltaic  arc  formed  when  the  electrodes  are 
separated.  Of  this  we  will  speak  another  time. 
Now  let  us  go  back  to  the  domestic  incident 
referred  to  above. 

One  evening  in  the  winter  of  1873-4  I  came 
home  from  my  laboratory  work  and  went  into 
the  bathroom  to  make  my  toilet  for  dinner.  I 
found  my  nephew,  Mr.  Charles  S.  Sheppard, 
together  with  some  of  his  playmates,  taking 
electrical  "shocks"  from  a  Uttle  medical  iu- 
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duction-coil  that  I  heard  humming  In  the 
closet.  He  had  one  terminal  of  the  coil  con! 
neoted  to  the  zinc  lining  of  the  bathtur. 
which  was  dry  at  that  time-while  he  held  the 
other  m  his  left  hand,  and  with  his  right  was 
akjng  shocks  from  the  lining  of  the  tub  by 

that  Zh  t-  '"'I'*  "^"T'  '^^  "'"'■    I  "oti^ed 
that  each  time  he  made  contact  with  the  tub. 

as  he  rubbed  it  for  a  short  distance,  a  pecuKar 

sound  was  emitted  from  under  his  hanTnot 

that  was  vibrating  in  the  closet.  My  interSt 
was  immediately  aroused,  and  I  took  the  elec- 
trode out  of  his  hknd  and  for  some  time  e^. 

time  to  time  to  change  the  rate  of  vibration  of 
the  electrotome,  and  thus  change  the  quali°y 
of  the  sound  I  noticed  that  the  sound  or  tone 
under  my  hand,  if  it  could  be  so  cauT 
changed  with  each  change  of  the  rate  of^-' 

was  that  the  peculiar  characteristics  of  the 
no ise  were  reproduced.    In  those  few  minutes 
I  laid  out  work  enough  for  years  of  eZrf!  - 
ment,  and  as  a  result  I  was  late  to  drnneT 

possibili?ri?7T  ""^v^  "P  *"  "y  "'"d  «•« 
posMbihty  of  three  things-the  transmission 

of  mus.0  and  of  speech  or  articulate  worfs 

sion  of  a  number  of  messages  over  a  single 
^^r^.    J  constructed  a  keyboard  consistiij^  of 


124 


nature'^  Airacle0. 


M^ 


one  octave  and  made  a  set  of  reeds  tuned  to 
the  notes  of  the  scale,  and  then  when  some  one 
would  play  a  melody  I  could  reproduce  it  in 
two  ways:  One  by  placing  my  body  in  the  cir- 
cuit and  rubbing  a  metal  plate— it  might  be 
the  bottom  of  a  tin  pan,  a  joint  of  stovepipe  or 
otherwise— anything  that  was  metal  and  would 
vibrate  would  give  the  eflFect.     Another  way 
was  to  connect  an  electromagnet  (having  a 
diaphragm  or*  reed  across  its  poles)  in  the  cir- 
cuit at  the  receiving-end  and  mount  it  on  some 
kind  of  a  soundboard.    I  made  a  great  num- 
ber of  different  kinds  of  receivers  that  were 
capable  of  receiving  either  musical  or  articu- 
late sounds,  as  has  many  times  been  proven 
by  experiment.    I  carried  two  sets  of  experi- 
ments along  together;  the  one  looking  toward 
a  system  of  multiple  telegraphy  and  the  other 
the  transmission  of  articulate  speech.    Let  us 
first  look  into  the  multiple  telegraph  and  take 
the  other  up  under  the  head  of  the  telephone. 
When  the  electrical  keyboard  was  completed 
I  found  that  I  could  transmit  not  only  a 
melody  but  a  harmony;    that  more  than  one 
tone    could    be    transmitted    simultaneously. 
This  discovery  opened  up  a  long  series  of  ex- 
periments with  the  view  of  sending  a  num- 
ber of  messages  simultaneously  by  means  of 
musical  tones  differing  in  pitch.  I  had  already 
demonstrated  that  several  tones  could  be  trans- 
mitted at  once,  but  they  would  speak  all  aji^:^ 


Ih. 
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r^d'pLrV"]  ".™- ™^''-e  at  th 
required  pitch.    If,  for  instance,  the  sendincr 

tnnn!l  ^         .    ^^-.  *^^®  inounted  tuning-forks 

This  one  wfl  be  sol^^^^^^^^^  '\f  --  bounded, 
four  of  the  forks  annfl^  T^  ""^^  ^^^^^ 
other  four  wiU  be  1,    i-  '''  /*^P  *^^°^  *he 
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Will  sound  m  sympathy.  In  the  first  case 
only  one  set  of  sound-waves  were  set  up 
in  the  air,  and  the  fork  that  found  itself  in 
accord  with  this  set  responded.  When  four 
forks  differing  in  pitch  were  sounded  there 
were  four  sets  of  tone-waves  superposed  upon 
each  other  existing  in  the  air,  so  that  each  of 
the  remaining  forks  found  a  set  of  waves  in 
sympathy  with  its  own  natural  rate  of  vibra- 
tion and  so  responded. 

Now  apply  this  principle  to  the  harmonic 
telegraph  and  you  can  understand  its  opera- 
tion.    At  the  transmitting-end  of  a  line  of 
wire  there  are  a  certain  number  of  forks  or 
reeds    kept    vibrating    continuously.     These 
reeds  each  have  a  fixed  rate  of  vibration  and 
bear  a  harmonic  relation  to  each  other  so  as 
not   to   have   sound-interference   or   "beats" 
At  the  receiving-end  of  the  line  there  are  as 
many  electromagnets  as  there  are  transmit- 
ting-reeds,  and  each  magnet  has  a  reed  or 
strap  in  front  of  it  tuned  to  some  one  of  the 
transmitting-reeds,  so  that  each  transmitting- 
reed  has  a  mate  in  exact  harmony  with  it  at 
the  rec  iving-end  of  the  line.    Keys  are  so  ar- 
ranged at  the  transmitting-end  as  to  throw 
the  tones  corresponding  to  them  to  line  when 
depressed.    In  other  words,  when  the  key  be- 
longing to  battery  B  and  vibrator  1  is  de- 
pressed   (see  Fig.   4)    the  effect   is   to  send 
electrical  pulsations  through  the  line  corre- 
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viDrator.  The  same  13  true  of  battery  B' 
and  vbrator  2.  During  the  time  an^kfy 
.s  depressed-we  will  say  of  tone  LI 
-th.3  tone  will  be  transmitted  through  the 


son,  aIso2  and  Si  but  lh»  ttS^"'?'?'  '  ""<'  1*  ore  In  unC- 
trom  each  otSer  to  pifch!        *""■"  '■^  Is  and  the  8s)  diSi 

line  and  be  reproduced  by  its  mate-the  one 

™nLV?rr"  "*  'r"^  "•«»  short  tones 
representmg  the  Morse  code  a  message  can  be 

sent     Numbers  two,  three  and  four  might  b^ 
■  sending  at  the  same  time,  but  they  wS  no? 

TiZTt^"^^'  °"*  »'  with^el^  other 
iivJ  •  ,?  ""*^""  succeeded  in  sending 
«ght   simultaneous   messages    between   N^w 

Sthod:*"'    ^"^"^^'^^^    "y    the    harmo^i: 

There  were  two  ways  of  reading  by  the  har- 
momo  method.    One  was  by   the  long  and 

?;r?srndr'^  ■""'  *«  o*--  •>-  *^'»^ 
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The  vibration  of  the  receiving-reed  was 
made  to  open  and  close  a  local  circuit  like  a 
common  Morse  relay  and  thus  operate  the 
sounder.  It  is  useless  to  try  to  send  a  message 
if  the  sender  and  receiver  are  out  of  tune  with 
each  other  in  this  system. 

What  is  true  in  science  is  true  in  life.  If 
we  are  out  of  tune  with  our  surroundings  we 
only  beat  the  air,  and  our  efforts  are  in  vain. 
We  get  no  sympathetic  response. 


CHAPTER  XIV. 

WAY  DUPLEX   SYSTEM. 

A  novel  form  of  double  transmission  was 
invented  by  the  writer  soon  after  the  com- 
pletion of  the  harmonic  system,  and  was  an 
outgrowth  of  it.    It  is  still  in  use  on  some  of 
the  railroad-lines.    An  ordinary  railroad  tele- 
graph-lme  has  an  instrument  in  circuit  in 
every  office  along  the  road,  chiefly  for  purposes 
of  tram-dispatching.    As  we  have  heretofore 
explained,  whenever  any  one  office  is  sending, 
the  dispatch  is  heard  in  all  of  the  offices.  The 
Way  duplex"  system  permits  of  the  use  of 
the  line  for  through  business  simultaneously 
with  the  operation  of  the  local  offices.    That  is 
to  say,  any  station  along  the  line  may  be  tele- 
graphing with  any  other  station  by  the  ordi- 
nary Morse  method,  and  at  the  same  time  mes- 
sages may  be  passing  back  and  forth  between  '* 
the  two  end  offices. 

This  is  accomplished  by  the  following 
method:  At  each  end  of  the  line  there  is  a 
tuned  reed,  such  as  we  have  described  in  our 
last  chapter,  that  is  kept  constantly  in  vibra- 
tion by  a  local  battery  during  working  hours. 
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This  vibrator  is  so  arranged  in  relation  to  the 
battery  that  whenever  the  key  belonging  to  it 
is  depressed  the  current  all  through  the  line 
is  rendered  vibratory.  There  is  also  in  circuit 
at  each  end  of  the  line  a  harmonic  relay,  that 
is  tuned  in  accord  with  the  vibrating  reed  of 
the  sender.  If  either  key  belonging  to  this 
part  of  the  system  is  opened,  as  in  the  act  of 
sending  a  message,  these  harmonic  relays,  be- 
ing tuned  in  sympathy  with  the  sending-vi- 
brntcr,  will  respond,  thus  sending  Morse  char- 
acters made  up  of  a  tone  broken  into  dots  and 
dashes.  This  tone  can  be  read  directly  from 
the  relay,  or,  as  is  usually  the  case,  it  causes 
the  sounder  to  operate  in  the  common  way. 

You  will  at  once  inquire  why  the  ordinary 
Morse  instruments  in  the  local  offices  are  not 
aflFected  by  these  vibratory  signals,  and  also 
why  the  harmonic  instruments  at  the  end  of- 
fice are  not  affected  by  the  working  of  the 
local  offices.  The  local  office  does  not  open  the 
circuit  entirely,  but  simply  cuts  out  a  resist- 
ance by  the  operation  of  the  special  harmonic 
key.  When  a  resistance  is  thrown  into  an 
electric  circuit  it  weakens  the  current  in  pro- 
portion to  the  amount  of  resistance  interposed. 
You  will  see  that  there  is  some  current  still 
left  in  the  line  when  the  key  is  open,  but  the 
spring  of  the  relay  at  the  local  office  is  so  ad- 
justed as  to  pull  the  armatures  away  from  the 
magnets  whenever  the  current  is  weakened  by 
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throwing  in  the  resistance,  so  that  by  this 
means  an  ordinary  Morse  telegraphic  relay 
may  be  worked  without  ever  entirely  opening 
the  circuit.  In  the  Way  duplex  system  there 
IS  a  resistance  at  each  station  that  is  cut  in 
and  out  by  the  operation  of  its  key,  which'^ 
causes  all  the  instruments  in  the  line  to  work 
simultaneously  except  the  two  harmonic  relays 
located  one  at  each  end  of  the  line.  These  will 
not  respond  to  anything  but  the  vibratory  sig- 

In  order  to  prevent  the  Morse  relays  at  the 
local  offices  from  responding  to  the  vibratory 
current  a  condenser  is  connected  around  them. 
This  condenser  serves  two  purposes :  It  enables 
the  short  impulses  of  the  vibrating  current  to 
pass  around  the  relays  without  having  to  be 
resisted  by  the  coils  of  the  magnets,  and  be- 
tween the  pulsations  each  condenser  will  dis- 
charge through  the  relay  at  the  local  offices, 
and  thus  fill  in  the  gap  between  the  pulsations, 
producing  the  effect  on  the  relay  of  a  steady 
current.    When  a  line  is  thus  equipped  it  may 
be  treated  in  every  respect  as  two  separate 
wires,  one  of  them  doing  way  business  and  the 
other  through  business.    It  is  a  curious  blend- 
ing of  science  and  mechanism. 

Another  interesting  application  was  made 
of  the  system  of  transmission  by  musical  tones 
—by  Edison,  some  years  ago.  We  refer  to  the 
transmission  of  messages  to  and  from  a  mov- 
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ing  railroad-train  with  the  head  oflSce  at  the 
end  c^  ne  line.  In  this  case  the  message  was 
transmitted  a  part  of  the  distance  through  the 
air; — another  instance  of  wireless  telegraphy. 
The  operation  was  as  follows:  One  of  the 
wires  strung  on  the  poles  nearest  to  the  track 
was  fitted  up  with  a  vibrator  and  key  at  the 
end  of  the  line  similar  to  that  of  the  Way  du- 
plex just  described.  In  one  of  the  cars  was 
another  battery,  key  and  vibrator,  and  as  only 
one  tone  was  used,  no  tone-selecting  device  or 
harmonic  relay  was  needed,  but  instead  an  or- 
dinary receiving-telephone  was  used  to  read 
the  long  and  short  sounds  sent  over  the  lines. 
One  end  of  the  battery  in  the  car  was  con- 
nected through  the  wheels  to  the  earth,  while 
the  other  end  was  connected  to  the  metal  roof 
of  the  car.  Being  thus  equipped,  we  will  sup- 
pose our  train  to  be  out  on  the  road  forty  or 
fifty  miles  from  either  end,  of  the  line,  moving 
at  the  rate  of  forty  miles  an  hour.  The  opera- 
tor at  Chicago,  say,  wishes  to  send  a  message 
to  the  moving  train;  he  operates  his  key  in 
the  ordinary  manner,  which  makes  the  current 
on  the  line  vibratory  during  the  time  the  key 
is  depressed.  These  electrical  vibrations  cause 
3S£ignetic  vibrations,  or  ether-waves,  to  radiate 
in  every  direction  from  the  wire,  at  right 
angles  to  the  direction  of  the  current,  like  rays 
of  light.  When  they  strike  the  roof  of  the 
car  they  create  electrical  impulses  in  the  metal 
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by  induction  (described  in  Chap.  VI).    These 
impulses  pass  through  a  telephone  located  in 
the  car  to  the  ground.    A  Morse  operator  lis- 
tening, with  the  telephone  to  his  ear,  will  hear 
the  messago  thi-ough  the  medium  of  a  musical  - 
tone  chopp(  .  up  into  the  Morse  code.    In  like 
manner  the  operator  in  the  car  may  transmit  a 
message  to  the  roof  of  the  car  and  thence 
through  the  air  to  the  wire,  which  will  be 
heard,  by  any  one  listening,  in  a  telephone 
which  is  connected  in  that  circuit,— and,  as  a 
niatter  of  fact,  it  will  be  heard  from  any  wire 
that  may  be  strung  on  any  of  the  poles  on 
either  side  of  the  road.     * 

Some  years  ago  an  experiment  of  this  kind 
was  made  on  one  of  the  roads  between  Mil- 
waukee and  Chicago. 

What  wonderful  things  can  be  done  with 
electricity!  As  a  servant  of  man  it  is  reliable 
and  accurate— seeming  almost  to  have  the 
qualities  of  docility— when  under  intelligent 
direction,  that  is  in  accord  with  the  laws  of 
nature ;  but  under  other  conditions  it  changes 
from  the  willing  servant  to  a  hard  master,  hesi- 
tating not  to  destroy  life  or  property  without 
regard  to  persons  or  things. 


CHAPTER  XV. 


TELEPHONY, 

In  the  foregoing  chapters  I  have  described 
the   method    of   transmitting   musical   tones 
telegraphically  and  its  applications  to  mul- 
tiple telegraphy,  as  well  as  to  a  mode  of  com- 
municating with  a  moving  railroad-train.    As 
I  stated  in  a  former,  chapter,  after  discovering 
a  method  of  transmitting  harmony  as  well  as 
melody,  I  had  in  mind  two  lines  of  develop- 
ment, one  in  the  direction  of  multiple  teleg- 
raphy, and  the  other  that  of  the  transmission 
of  articulate  speech.     I  will  not  attempt  to 
give  the  names  of  all  the  people  who  have  con- 
tributed to  the  development  of  the  telephone 
(as  this  alone  would  fill  a  volume)  but  only 
describe  my  own  share  in  the  work— leaving 
history  to  give  each  one  due  credit  for  his 
part.    While  I  do  not  intend,  here,  to  enter 
into  any  controversy  regarding  the  priority  of 
the  invention  of  the  telephone,  I  wish  to  say 
that  from  the  time  I  began  my  researches,  in 
the  winter  of  1873-4,  until  some  time  after  I 
had  filed  my  specification  for  a  speaking  or 
articulating  telephone,  in  the  winter  of  1876-. 
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76,  I  had  no  idea  that  any  one  else  had  done 
or  was  doing  anything  in  this  direction.     I 
wish  to  say  further  that  if  I  had  filed  my  de- 
scription of  a  telephone  as  an  application  for 
a  patent  instead  of  as  a  caveat,  and  had  prose- 
cuted It  to  a  patent,  without  changing  a  word 
m   the   specification    as   it   stands   to-day,    I 
should  have  been  awarded  the  priority  of  in- 
vention by  the  courts.    I  am  borne  out  in  this 
assertion  by  the  highest  legal  authority.     In 
law,  a  caveat  (Latin  word,  meaning  «  Let  him 
beware  ")  is  a  warning  to  other  inventors,  to 
protect  an  incomplete  invention;    whereas  in 
tact  the  invention   to  be  protected  may   be 
complete.    An  application  for  a  patent  is  pre- 
sumed h-j  the  law  to  be  for  a  completed  in- 
vention ;   but  it  may  be,  and  very  often  is,  in- 
complete.   It  would  often  make  a  very  great 
diiference  if  decisions  were  rendered  according 
to  the  facts  in  the  case  rather  than  according 
to  rules  of  law  and  practice,  that  sometimes 
work  great  injustice  to  individuals. 

As  has  been  said  in  another  chapter,  in  the 
summer  of  1874  I  went  to  Europe  in  the  in- 
terest of  the  .elephone,  taking  my  apparatus, 
as  then  developed,  with  me.  I  came  home 
early  in  the  fall  and  resumed  my  experimen- 
tal work.  Many  interesting  as  well  as  amus- 
ing things  occurred  during  these  experiments. 

/.oJ!^T™^^''  ^^^^  '"  *^^  ^^"  «^  early  winter 
o±  1874  X  W4s  m  Milwaukee  with  my  apparatus 
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carrying  on  some  experiments  on  a  wire  be- 
tween Milwaukee  and   Chicago.     I  had  my 
musical  transmitter  along,  and  one  evening, 
for  the  entertainment  of  some  friends  at  the 
Newhall  House,  a  wire  was  stretched  across 
the  street  from  the  telegraph  oflSce  into  one 
?f  the  rooms  of  the  hotel.    A  great  number  of 
tunes  were  played  at  the  telegraph-office  by 
Mr.  Goodridge,  who  was  my  assistant  at  that 
fme,  which  were  transmitted  across  the  street, 
as  before  stated.    In  those  days  it  was  a  com- 
mon practice  in  telegraphy  to  use  one  battery 
for  a  great  number  of  lines.     For  instance, 
starting   with   one   ground-wire   which   con- 
nected with,  say,  the  negative  pole  of  the  bat- 
tery, from  the  positive  pole  two,  three  or  a 
half-dozen  lines  might  be  connected,  running 
in   various   directions,    connecting   with   the 
ground  at  the  further  end,  thus  completing 
their  circuits.    For  use  in  transmitting  tones 
across  the  street  that  evening  we  connected 
our  line-wire  on  to  the  telegraph  company's 
battery,  which  consisted  of  100  or  more  cells, 
and  which  had  four  or  five  more  lines  radiat- 
ing from  the  end  of  the  battery  to  diflFerent 
parts  of  Wisconsin.    Our  line  was  tapped  on 
to  the  battery  (without  changing  any  of  its 
connections)   twenty  cells  from  the  ground- 
wire.    In  transmitting,  each  vibration  would 
momentarily  shut  off  these  twenty  cells  from 
the  lines  that  were  connected  with  the  whole 
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battery.  The  effect  of  this  (an  effect  that  we 
did  not  anticipate  at  the  time)  was  to  send  a 
vibratory  current  out  on  all  the  lines  that 
were  connected  with  that  single  battery  as 
weU  as  across  the  street.  A  great  many  famil- 
iar tunes  were  played  during  the  course  of  an 
Jiour  or  two  which,  unconsciously  for  us,  were 
creating  great  consternation  throughout  the 
btate  of  \V  isconsm,  in  many  of  the  offices 
through  which  these  various  lines  passed 

Next  morning  reports  and  inquiries  began 
to  come  m  from  various  towns  and  cities  west, 
northwest  and  north,  giving  details  of  the 
phenomena  that  viere  noticed  on  the  instru- 
ments located  in  the  various  offices  along  the 
lines.  They  reported  their  relay*  as  singing 
tunes;  one  party  said  he  thought  the  instru- 
ments were  holding  a  prayer-meeting  from  the 
tact  that  they  seemed  to  be  singing  hymn- 
tunes  for  quite  a  while,  but  this  notion  was 
finally  dissipated,  because  they  grew  hilarious 
and  sang  «  Yankee  Doodle." 

One  operator,  up  in  the  pine  woods  of 
northern  Wisconsin,  did  not  seem  to  take  the 
cheerful  view  of  it  that  some  of  the  others 

J'  .w"^^'  ^.'**'"^  ^^°^«  ^n  the  telegraph- 
office  that  evening  when  he  thought  he  heard 
the  notes  of  a  bugle  in  the  distance;  he  got 
up  and  went  to  the  door  to  listen,  but  could 
hear  nothing;  but  on  coming  back  into  the 
mm  he  heard  the  same  bugle  notes   very 
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faintly.  He  was  inclined  to  be  somewhat 
superstitious  and  grew  very  nervous;  finally, 
on  looking  around,  he  located  the  sound  in  his 
relay,  but  this  did  not  help  matters  with  him. 
With  superstitious  awe  he  listened  to  the  in- 
strument for  a  few  momenta,  while  it  gave  out 
the  solemn  tones  of  "  Old  Hundred,"  then  it 
suddenly  jumped  into  a  hilarious  rendering  of 
"  Yankee  Dopdle."  This  was  too  much  for  our' 
nervous  friend,  and  hastily  putting  on  his 
overcoat,  he  left  the  oflfice  for  the  night. 

On  another  occasion,  when  I  was  giving  a 
lecture  in  one  of  the  cities  outside  of  Chicago, 
where  exhibitions  of  music  transmitted  from 
Chicago  were  given,  one  of  the  operators 
along  the  line  was  very  much  astonished  by 
his  switchboard  suddenly  becoming  musical. 
Orders  had  been  given  for  the  instruments  in 
all  the  local  ofiices  to  be  cut  out  of  the  i  (ar- 
ticular line  that  I  was  using.  Hence  tht-  in- 
strument in  this  particular  office  was  not  in 
the  circuit  through  which  the  tunes  were  be- 
ing transmitted.  The  wire,  however,  ran 
through  his  switchboard,  and  owing  probably 
to  a  loose  connection,  or  an  induced  effect, 
there  was  a  spark  that  leaped  across  a  short 
space  at  each  electrical  pulsation  that  passed 
through  the  line,  thus  reproducing  the  notes 
of  the  various  tunes  played. 

You  will  remember  in  one  of  the  chapters 
gXL  sound   (Volume  II.),  it  is  stated  that  a 
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musical  tone  ia  made  up  of  a  succession  nf 
this  law  tot  Tp^r  yo'u  ZT^'    ^""''"'^ 

tin."  :tif„r?s  tXtsc  ITT- 

mii  n«^         •  '^*^  wouW  both  trana- 

"circuitTitTtr''^"!^*^  ^^^^^^  -^^-  placed 
furniTl  ^'^  '''^^'*  a"^«"nt  of  battery  to 
thev  1  ^""''""^  magnetism.  However 
they  were  not  used  in  that  way  at  fh^^J  ' 
they  were  first  made^in  1874  Thele  J  J^^^^^^ 
common  receivers    a»  *h^J        ■'^^ese  1  called 

reproduce  all  Ss  equally  Zlu    Tr^  '.° 
and   constructed   anothe  rfo^''  „}  l"^"?"'"' 

»rcreExr-*^-^^-°^»^e^"^- 

aide'abk's'iifllrH^'^*™""'^^*  "'  -»- 
about  ten  fS  C^  M  """•".  *  """"J™  r«d 

were  aC  rrjaZ.  ^oZl'tT^  *'"^  -^, 
wood  of  the  riffhf  .Uv^  I  .        ^^^^  of 

ties  cor4:;7:?,ae*:a  -  ^^tctTtt 
transmufng-reeds,  so  that  each  t;;lr:ouId t 
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re-enforced  by  some  one  of  these  air-cavities, 
thus  giving  a  louder  and  more  resonant  effect 
to  the  musical  notes. 

Here  were  two  types  of  receiver,  one  that 
would  receive  one  sound  as  well  as  another, 
but  none  of  them  so  loud,  while  the  other  was 
constructed  on  the  principle  of  selection  and 
re-enforcement,  so  that  a  particular  note  would 
be  sounded  by  the  box  having  a  cavity  corre- 
sponding to  the  pitch  of  the  tone,  and  was 
much  louder  and  of  much  better  quality  than 
I  could  get  from  the  diaphragm  receiver.  One 
of  these  receivers  pointed  to  the  harmonic 
telegraph  and  the  other  to  the  speaking  tele- 
phone. I  knew  that  I  had  a  receiver  thai* 
would  reproduce  articulate  speech  or  anjrthinij; 
else  that  could  be  transmitted. 

My  first  conceptions  of  an  articulate  speech- 
transmitter  were  somewhat  complicated.  I 
conceived  of  a  funnel  made  of  thin  metal  hav- 
ing a  great  number  of  little  riders,  insulated 
from  the  funnel  at  one  end  and  resting  lightly 
in  contact  with  the  funnel  at  the  other  end. 
These  riders  were  to  be  made  of  all  sizes  and 
weights  so  as  to  be  responsive  to  all  rates  of 
vibration.  In  the  light  of  the  present  day  we 
know  that  such  an  arrangement  would  have 
transmitted  articulate  speech,  but  perhaps  not 
so  well  as  a  single  point  would  do  when  prop- 
erly adjusted.  My  mind  clung  to  this  idea 
till  in  the  fall  of  1375,  when  an  observatiou  I 


where  I  wa7tLn„v      ."""*.'»  Milwaukee, 

while  outrafrrand^Z-''tf    .^"^  <''«' 
fruit-cans  in  thrir  hlJ    ^  "^^  *""  ^^^  "ith 

tached  to  the  cen  er  „f  1'  k  ™^  *  *'''««''  «*■ 
and  stretched  ac  1  tht^f""?""  "K'""^  «"" 
feet  apart.  They  were  t.lt*'*''  ""'"'P'  !"« 
the  one  holding  his  Zutff'"i''  "'"'''  "*''*'• 
other  his  ear  At  LTr  t.*"'  "*"  ^"^  ^e 
this  "lov:;^-  tekgrth^Tlth^'i"?*  ^^""J  °f 

It  is  said  to  have  bt'n  used  in^^^'"^°'''• 
years  ago.  "  '°  '^'"oa  2000 

immediatrira::utd  '?  t'.^tZ"'^'"'  ""^ 

»outh  of  it  ii^uidiaTtrvo^  :rth:  h*^ 

across  the  street.  I  conversed  wi^  ^-  ""^ 
ment,  then  noticed  how  til  T  *"■"  *  "»■ 
at  the  bottom  ofTheZ*'!!  ""^  ^^  ""'""^"t^' 
the  problem  of  electS^al  ,  '  '?""'  ™'^'^'"''y' 
was  solved  in  my  m^T^T  'f.T^-^,»'>^'<^i^ion 

Portunity  immX'v  to  c^n'st™ct'r-''VP- 
ment,  as  I  haH  n  r.o^*        construct  an  jnstru- 

".oney  for  f  deX":fT  'r'^""'"^ 
bythispa^tn^otda^rt^feKr? 
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could  do  in  the  way  of  transmitting  speech 
through  a  wire.  I  told  him  I  thought  it  would 
be  very  valuable  if  worked  out.  He  gave  me  a 
look  that  I  shall  never  forget,  but  he  did  not 
say  a  word.  The  look  conveyed  more  meaning 
than  all  the  words  he  could  have  said,  and  I 
did  not  dare  broach  the  subject  again. 

However,  as  soon  as  I  foimd  opportunity, 
without  saying  a  word  to  anybody  except  my 
patent  lawyer,  I  filed  a  description,  accom- 
panied  by  drawings,  of  a  speaking  telephone 
which  stands  in  history  to-day  as  the  first 
complete  description  on  record  of  the  opera- 
tion of  the  speaking  telephone.    It  described 
an  apparatus  which,  when  constructed,  worked 
as  described,  and  it  is  a  matter  of  history  that 
the  first  articulate  speech  electrically  trans- 
mitted in  this  country  was  by  a  transmitter 
constructed  on  the  principle  described,  and  al- 
most  identically  after  the   drawings   in  my 
caveat.     While  the  transmitter  described  m 
this  caveat  was  not  the  best  form,  it  would 
transmit  speech,  and  it  contained  the  founda- 
tion principle  of  all  the  telephone  transmitters 

in  use  to-day. 

There  are  two  methods  of  transmitting 
speech.  One  is  known  as  tte  magneto  method 
and  the  other  that  of  varying  the  resistance  of 
the  circuit.  My  first  transmitter  was  devised 
on  the  latter  principle. 


tclepbong. 
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tion  filed  Feb.  14,  1876: 

ro^ZZ  fTAom  /<  Jlfaj,  Concern  ;-Be  it  known  that  I  FH«>,o 
^•ay  of  Chicago,  in  the  County  of  Cook  and  sLt^'oViihnS 
have  invented  a  new  ait  of  transmitting  vocal  sounrt^f' 
graphically  Of  Which  the  following  is  aVpScaUon      t   J 
the  object  of  my  invention  to  transmit  the  tones  of  the  hi' 
man  voice  through  a  telegraphic  circuit,  and  reproduce  them 
at  the  receivm.    .a  of  the  line,  so  that  actual  converit^n™ 
can  be  came^:  ..  W  persons  at  long  distances  apart  Thave 
mvented  and  ,,^teated  methods  of  transmitting  musicaHm 
tion'Th  <>7°»°^«'e'-eraphically.  and  my  pl-eZ  TnVen 
tion  Is  based  upon  a  modification  of  the  princiole  of  1!?^ 
invention  which  is  set  forth  and  described  in  tete^  iteit 
of  the  United  States,  granted  to  me  July27, 1875  resL^'e^ 
numbered  166.095  and  166,090.  and  also  fa  an  appSn  ?o^ 

1875   *  ••  My  present  belief  is  that  the  most  effective 
method  of  providing  an  apparatus  capable  of  respond^  lo 
the  various  tones  of  the  human  voice  is  a  tympanZ.  drum 
or  diaphragm,  stretched  across  one  end  of  the  chair  "a"' 
ryingan  apparatus  for  producing  fluctuations  in  the  poten- 
tial of  the  electric  circuit  and  consequently  varying  inlts 
power    *  *  *  The  vibrations  thus  ImpLed  are  transmuted 
throughan  electric  circuit  to  the  receiving-station  in  wh  ch 
circuit   s  included  an  electromagnet  of  ol-dinary 'conrtnit 
tion,  acting  upon  a  diaphragm  to  which  Is  attached  a  pi^e  of 
soft  iron  and  which  diaphragm  is  stretched  across  a^^^^jv 
lug  vocahzmg  chamber  C.  somewhat  similar  to  the  c^rel- 
pondmg  vocalizing  chamber  A. 

The  diaphragm  at  the  receivlng-end  of  the  line  {»  tJ,,.- 
thrown  into  vibrations  corresponding  with  those  at  the 
tra«smltting-end.  and  audible  sounds  or  words  are  produced 
JtoTJT"  '''^'''^'  '^PP'icatlon  of  my  improvement  wili 
be  to  enable  persons  at  a  distance  to  converse  with  each 
other  through  a  telegraphic  circuit,  just  as  they  now  do  in 
each  other's  presence,  or  through  a  speaking-tube 
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I  claim  as  my  invention  the  art  of  transmitting  Yocal 
sounds  or  conversations  telegraphically  through  an  electric 
circuit. 

This  specification  was  accompanied  by  cuts 
of  the  transmitter  and  receiver  connected  by 
a  line-wire  and  showing  one  person  talking  to 
the  transmitter  and  another  listening  at  the  re- 
ceiver. These  cuts  may  be  seen  in  various 
books  on  the  subject  of  telephony. 
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CHAPTER  XVT. 

HOW    THE    TELEPHONE    TALKS. 

causl'lf  ^"''•^  ^T""'  ^^"*  *^«  *^^'^^one  is  be- 
«o;^  "/^of^s.    If  you  remember  what  has  been 

word  differ^  W  ^''^"'^'"'^'   «™'y  articulate 

wise  we  could  not  diati„„,u^l"^'   °*''^'- 
word  and  another     Every  St  f        5  """ 

oitcttsTc;c:tttr -■•-'-' 
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The  construction  of  th<j  simplest  form  of 
telephone  is  as  follows:  Take  c,  piece  of  iron 
rod  one-half  or  three-quarters  of  an  inch  long 
and  one-quarter  inch  thick,  and  after  putting 
a  spool-head  on  each  end  to  hold  the  wire  in 
place  wind  it  full  of  fine  insulated  copper 
wire;  fasten  the  end  of  this  spool  to  the  end 
of  a.  straight-bar  permanent  magnet.  Then 
put  the  whole  into  a  suitable  frame,  and 
mount  a  thin  circular  diaphragm  (mev  brane 
or  plate)  of  iron  or  steel,  held  by  its  edges,  so 
that  the  free  end  of  the  spool  will  come  near 
to  but  not  touch  the  center  of  the  diaphragm. 
This  diaphragm  must  be  held  rigidly  at  the 
edges. 

Now  if  the  two  ends  of  the  insulated  copper 
wires  are  brought  out  to  suitable  binding- 
screws  the  instrument  is  done. 

The  permanent  steel  magnet  serves  a  double 
purpose.  When  the  telephone  was  first  used 
commercially,  the  instrument  now  used  as  a 
receiver  was  also  used  as  a  transmitter.  As  a 
transmitter  it  is  a  dynamo-electric  machine. 
Every  time  the  iron  diaphragm  is  moved  in 
the  magnetic  field  of  the  pole  of  the  perma- 
nent magnet,  which  in  this  case  is  the  free  end 
of  the  spool  (the  iron  of  the  spool  being  mag- 
netic by  contact  with  the  permanent  magnet), 
there  is  a  current  set  up  in  the  wire  wound  on 
the  spool;  a  short  impulse,  lasting  only  as 
long  as  the  movement  lasts.    The  intensity  of 


t)ow  the  Zclcpbom  Znlke.        W 

the  impulse  will  depend  upon  the  amplitude 

^llT'o  f  ^'^  ''  ^  '^"^  movement  there 
will  be  a  strong  current  and  vice  versa  Tf 
a  sound  is  uttered,  and  even  if  the  multif 

word  'h  '"''T  '""'K'"'  '^^"^'^d  to  fo"m  a 
word,  be  spoken  to  the  diaphragm   thp  Un^r. 

partakes  in  kind  of  tl,e  air-ltStha^  st 'S 

It.    It  swings  or  vibrates  in  the  air,  and  if  it 

IS  a  perfect  diaphragm  it  moves  exaitras  the 

arr  does,  both  a.  to  amplitude  and  compfehy 

of  movement.    You  will  remember  that  in  the 

chapter  on  sound-quality  (Vol.  II)  it  was  said 

s„f^„  T  ""'^  ''""*«ds  and  sometimes  thou- 
sands of  superposed  motions  in  the  tones  of 

:r,„x  *""  ^"^  *''^'"  *"«  «'--*  - 

n«^!J  l^"^!  ''""P'^''  '"°*'™'  8>^  communi- 
cated by  the  air  to  the  diaphragm,  and  the 
diaphragm  sets  up  electric  current!  iA  the  w^  r^ 
wound  on  the  spool,  corresponding  exactly  h^ 

S  '/  ""^  ^°""'  '"  «•«*  the  c^^^f^t  is 
molded  exactly  as  the  air-waves  are.    Now    f 

we  connect  another  telephone  in  the  eirliit 

«»<*  tolk  to  one  of  them,  the  diaphragm Tfte 

and  m«lf  !?  *°.'"°™  '"  sympathy  with  it 
and  make  exactly  the  same  motions  rdatively, 
both  as  to  number  and  amplitude.  ^' 

It  will  be  plain  that  if  the  receiving  dia- 
phragm IS  making  the  same  motions  fs  the 
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transmitting  diaphragm,  it  will  put  the  air 
in  the  same  kind  of  motion  that  the  air  is  in 
at  the  transmitting  end,  and  will  proauce  the 
same  sensation  when  sensed  by  the  brain 
through  the  ear.  If  the  air-motion  is  that  of 
any  spoken  word  it  will  be  the  same  at  both 
ends  of  the  line,  except  that  it  will  not  be  so 
intense  at  the  receiving-end;  it  is  the  same 
relatively,  ^d  this  is  how  the  telephone 
talks. 

I  have  said  that  the  permanent  magnet  had 
two  functions.  In  the  case  of  the  transmitter 
it  is  the  medium  through  which  mechanical 
is  converted  into  electrical  energy.  It  corre- 
sponds to  the  field-magnet  of  the  dynamo, 
while  the  diaphragm  corresponds  to  the  re- 
volving armature,  and  the  voice  is  the  steam- 
engine  that  drives  it.  In  the  second  place,  it 
puts  a  tension  on  the  diaphragm  and  also  puts 
the  molecules  of  the  iron  core  of  the  magnet 
in  a  state  of  tension  or  magnetic  strain,  and 
in  that  condition  both  the  molecules  and  the 
diaphragm  are  much  more  sensitive  to  the 
electric  impulses  sent  over  the  wire  from  the 
transmitter.  This  fact  was  experimented 
upon  by  the  writer  as  far  back  as  1879  and 
published  in  the  Journal  of  the  American 
Electrical  Society.  At  the  present  day  this 
form  of  telephone  is  used  only  as  a  receiver. 

Transmitters  have  been  made  in  a  variety 
of   forms,   but  there   are   only   two   generic 


tow  tbc  ^clepbonc  tralfte.        l4d 

methods  of  transmission.    One  is  thp  r«»«    . 
a  batte^  current.  VaZefl^^T^it^ 

"Sri  i?s=J:uis„f:.'s 

something  sZuuVtrtT^"  fT"" 
close  to  the  i„st™„e„?ra  sl^^/TatV^dl^ 
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as  possible  these  words :  "  The  operator  has 
gone  to  dinner."  From  what  we  know  now 
of  the  operation  of  the  telephone  T  have  no 
doubt  but  that  he  transmitted  his  voice  to 
some  extent  over  the  wire.  This  young  man's 
claims  have  never  been  put  forward  before, 
and  we  are  doing  him  tardy  justice.  But  his 
claim  is  quite  as  good  as  many  others  set  forth 
by  people  who  think  they  invent,  whenever  it 
occurs  to  them  that  something  new  might  pos- 
sibly be  done,  if  only  somebody  would  do  it. 
And  when  that  somebody  does  do  it  they  lay 
claim  to  it. 

In  the  early  days  of  the  telephone  it  was  not 
supposed  that  a  vocal  message  could  be  trans- 
mitted to  a  very  great  distance.  However,  as 
time  went  on  and  experiments  were  multiplied 
the  distance  to  which  one  could  converse  with 
another  through  a  wire  kept  on  increasing. 

In  these  days,  as  every  one  knows,  it  is  a 
daily  occurrence  that  business  men  converse 
with  each  other,  telephonically,  for  a  distance 
of  1000  miles  or  more;  in  fact,  it  is  possible 
to  transmit  the  voice  through  a  single  circuit 
about  as  great  a  distance  as  it  is  possible  to 
practically  telegraph.  This  leads  us  to  speak 
of  another  telegraphic  apparatus  which  we 
have  not  heretofore  mentioned,  and  that  is  the 
telegraphic  repeater.  It  is  a  common  notion 
that  messages  are  sent  through  a  single  cir- 
cuit across  the  continent,  but  this  is  not  the 
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ca»o,  although  the  circuits  are  very  much 
longer  than  they  were  some  years  Z  The 
repeater  is  an  instrument  that  repeats  a  m™ 

rTZz::'^'"'"  ™^  --^'"fa^otr: 

to  New  Cl!'.L       T""  "  '"""""K  "  "'^'saBe- 

teingl  S^^ff  r"f  '^^  «"™"^.  'he  division 
Being  in  Buffalo,  the  repeater  will  be  located 

opefat!r  a°t  Ph"'"''^  *"?"  ""''"''  "*  ^oth  the 

S     When  rr"  ""•'  '^^  "P^™t<"  i"  New 
X  "^'>«"  Chicago  13  sending,  one  part  of 

leva^^'^r^  "  ""''«'»  with  the  ChTcago 
w!5  Tk     •  *''  ''"y  '»  *•>«  New  York  circuft 
se^^"-     T"'  f*  ^"«'''"-    When  New  Yo4  il* 
Bending  the  other  part  of  the  repeater  operates 

ragfto^xThrca^g:  .rrNrr  '"t- 

practical  result  is  Z  1^  as  VoughX  J'r! 

cago.    At  the  present  day  some  of  the  Conner 
wires  and  perhaps  some  of  the  larger   -^n 
wires  are  used  direct  from  Chicago  to  nZ 
Tork  without  repetition,  but  all  messages  he 
tween  New  York  and  San  Francisrarfauto 

c°rS  condi:^''''*  f  '"''''  *--«  ""d  "nlr 
certain  conditions  of  weather  oftener     I  c«„ 

with  such  wires  as  they  had  then  (being  No' 
9  "-on  with  bad  joints,  which  gave  the  cLu^t' 
a  high  resistance)  that  these  repeated  would 
be  inserted  at  Toledo,  Cleveland  Buffairand 
Albany  m  order  to  work  from  Ch  cago  to  New 
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York.  Under  such  conditions  the  transmis- 
sion would  necessarily  be  slow,  because  an 
armature  time  will  be  lost  at  each  repeater. 
Regarding  each  repeater  as  a  key,  when  Chi- 
cago depresses  his  key  the  armature. of  the 
next  repeater  must  act,  and  then  the  next 
successively,  and  all  of  this  takes  time,  al- 
though only  a  small  fraction  of  a  second. 

The  repeater  was  a  very  delicate  instrument 
and  had  to  be  handled  by  a  skilled  operator. 
Every  wire  must  be  in  its  place  or  the  instru- 
ment would  fail  to  operate.  I  remember  on 
one  occasion  in  Cleveland  that  along  in  the 
middle  of  the  night  the  repeater  failed  to 
work.  The  operator  knew  nothing  of  the  prin- 
ciple of  its  operation,  so  that  when  it  failed  he 
had  to  appeal  to  some  of  his  superiors. 

At  this  time  there  was  no  one  in  the  office 
•who  knew  how  to  adjust  it,  so  they  had  to 
send  up  to  the  house  of  the  superintendent  and 
arouse  him  from  his  sleep  and  bring  him  down 
to  the  office.  He  looked  under  the  table  and 
found  that  one  of  the  wires  had  loosened  from 
its  binding-post  and  was  hanging  down.  He 
said  immediately,  "Here's  the  trouble;  1 
should  think  you  could  have  seen  it  yourself." 
The  operator  replied,  "I  did  see  that,  but  I 
didn't  think  one  wire  would  make  any  dif- 
ference." He  learned  the  lessc  that  all  elec- 
tricians have  had  to  learn — that  even  one  wire 
makes  all  the  difference  in  the  world.    But 
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*meTr:„TeH"„ro„v:/?r  -rr  *- 

Cleveland  om^^ZeZ'V'^^"'"^  "^^'^^ 
wanted  to  mve  somr^ll™      '  ' '"  «'""'y  days 

Buffalo.    He  toldth.         """  *"    ""^  "fi"*  "t 

tell  Buffalo  80  and    '  "T""";  "'    '"'  ^ey  to 

plied:    "I  e  n-t  do  U'-    Bu.^:  ^T'^"' 
open"    Tlin  «ffi  •  1  .     '    ^"^^"^o  has  his  key 

verity:  ^^^^  oT^  r*' W  "f / 
■t  would  be  a8  difflcul  foVhim  to  tdfv  *\*' 
close  It,  as  it  would  have  brenTnt  *"■"  *" 
original  message.  '"""'  "«"*  '•'o 

it  tVos,iWe''"to*'li°  *'"'  '^Phone.    While 

yet  no  one  has  been  ahl.  Tf^  '  '^"''"'^  «= 
that  will  transfer  spoken  *j7r  "  """^f"' 
to  another  satisfactory  fut  "1°"'  '  f 
printer  and  publisher  bes  ir  tf.  .  ^™  *''^ 
one  may  aeco'mplish  [he  t     fc  If,  S 

ttt  kttrjrtrbl  The  S  f r  """^ '» -^ 

the  suooessfuTinvLtor  *  '°  """S^tulate 


CHAPTEE  XVII. 

SUBMARINE  CABLES. 

The  first  attempts  at  transmitting  messages 
through  wirea  laid  in  water  were  made  about 
1839.  These  early  experiments  were  not  very 
successful,  because  the  art  of  wire-insulation 
had  not  attained  any  degree  of  perfection  at 
that  time.  It  was  not  until  gutta-percha  be- 
gan to  be  used  as  an  insulator  for  submarine 
lines  that  any  substantial  progress  was  made. 

The  first  line,  so  history  states,  that  was  suc- 
cessfully laid  and  operated  was  across  the 
Hudson  River  in  1848.  This  line  was  con- 
structed for  the  use  of  the  Magnetic  Telegraph 
Company. 

In  the  following  year  exp'^riments  with 
gutta-percha  insulation  were  successfully 
made,  and  about  1850  a  cable  was  laid  across 
the  English  Channel  between  Dover  and  Calais 
(twenty-seven  miles),  consisting  of  a  single 
strand  of  wire  b-^ving  a  covering  of  gutta- 
percha. The  insulation  was  destroyed  in  a 
day  or  two,  which  demonstrated  the  fact  that 
all   submarine  Ci^bles   must   be  protected   by 
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some  kind  of  armor     Tn  i«^i         .i 

was  laid  betwee„X;e  toplut^lr'''' 

four  conductors  insulated  wUh  Itta  r^.  if '^ 

joj^in,  andSr.*^:  ift^C  nf  ^^ 

clgJ^l^pf^^—^-    °- 

Ihese   short-line   cables    servpH    f«   ^ 
strate  the  relative  vJZlf  aZ-         ""   ^^'^'''" 
for  iin«i,io/-  ^  ^^  difterent  material 

tor  insulating  purposes  under  water    and  if 

ml  .s  an  insulator  for  submarine  cabW   If 

in^TtltT''^  """"^  '•''*^^  f™"  the  lay. 

solved,  which  couW  te  doTe  oSy  bvle*°  ^ 
expensive  experiment  of  ?,^;^  \,  """^ 
the  Atlantic  Oce"n     In  th^^*  ?  "f"^  '""•°''  " 

covered  bv  t'  T*  ''™"''"''  '»»*«  "««  dis- 
Stltes  W   I     ""'."""'■^  "^  *e  United 

«n^r^nl'^^  -U   tht  fl^-e 
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f  oundland  to  the  west  coast  of  Ireland  the  bot- 
tom of  the  ocean  was  comparatively  even,  but 
gradually  deepening  toward  the  coast  of  Ire- 
land until  it  reached  a  depth  of  2000  fathoms. 
It  was  not  so  deep  but  that  the  cable  could  be 
laid  on  the  bottom,  nor  so  shallow  as  to  be  in 
danger  of  the  waves,  icebergs  or  large  sea-ani- 
mals. 

The  water  below  a  certain  depth  is  always 
still  and  not  aflFected  by  winds  or  ocean  cur- 
rents. At  many  other  points  in  crossing  the 
ocean,  high  mountains  and  deep  valleys  are 
encountered,  possessing  all  the  topographical 
features  of  dry  land — as  the  ocean  bed  is  only 
a  great  submerged  continent. 

The  beginning  of  the  laying  of  the  first  At- 
lantic cable  was  on  Aug.  7,  1857.  On  the 
morning  of  Aug.  7,  1858,  a  year  later,  after  a 
series  of  mishaps  and  adverse  circumstances 
that  would  have  discouraged  most  men,  the 
country  was  electrified  by  a  dispatch  from 
Cyrus  W.  Field  of  New  York  (to  whom  the 
final  success  of  the  iV+lantic  cable  is  mainly 
due),  that  the  cable  had  been  successfully 
laid  and  worked.  But  this  cable  worked  only 
from  the  10th  of  August  to  the  Ist  of  Septem- 
ber, having  sent  in  that  time  271  messages. 
The  insulation  became  impaired  at  some  point, 
when  an  attempt  to  force  the  current  through 
by  means  of  a  large  battery  only  increased  the 
difficulty. 
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The  failure  of  this  first  cable  served  to  teaeh 

in  the  deep  sea  a  much  smaller  and  let  ex 
at  thJIhf '  ""f^  l^  "'«''  «"">  would  answer 
fh?  htrentV^oJt^Lt?^^^^ 

other  interf^r-roKr  t  wal" fX' 
Wed  that  the  most  successful  mo7e„fwf 
Dutting  signals  through  the  oablp  »„=     -fi. 

^^^'etSTe^^'r^"'*"--"^^^^^^^^^ 

instniLnts»cablrr":,*re?'^?'r? 
.nes,  while  it  would  not  be"  dSllt  feitl" 
transmit  even  twice  the  distance  ovlr, Id 

we?asT\:*  *'  '"^''"  '^  "  <=»"d"<=tor,  as 
ritiofof'irc^bTe"  m*  ™-"""'''^  *« 
transmitted  thrXrt  co^tti^tTr  il' 

trt  tttr  :A^r  P- 

^''Sl-ea^tT-tt"?^^^^^^^^^^^ 

rc:nd^-t?^^  JS 
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upon  the  current  transmitted  through  it.  An 
ordinary  land-line  that  is  strung  on  poles  that 
are  high  up  from  the  ground  has  this  effect  re- 
duced to  a  minimum,  but  the  greater  the  num- 
ber of  wires  clustered  together  on  the  same 
poles  the  more  difficult  it  becomes  to  send 
rapid  signals  through  any  one  of  them. 

The  instrument  used  for  receiving  cable 
messages  was  ^^evised  by  Sir  William  Thomp- 
son, now  Lord  Kelvin.  One  form  consists  of 
a  very  short  and  delicate  galvanometer-needle 
carrying  a  tiny  mirror.  This  mirror  is  so  re- 
lated to  a  beam  of  light  thrown  upon  it  that  it 
reflects  it  upon  a  graduated  screen  at  some  dis- 
tance away,  so  that  its  motions  are  magnified 
many  hundred  times  as  it  appears  upon  the 
screen.  An  operator  sits  in  a  dark  room  with 
his  eye  on  the  screen  and  his  hand  upon  the 
key  of  an  ordinary  Morse  instrument.  He 
reads  the  signal  at  sight,  and  with  his  key 
transmits  it  to  a  sounder,  which  may  be  in 
another  room,  where  it  Is  read  and  copied  by 
another  operator.  Another  form  of  receiving- 
instrument  carries,  instead  of  the  mirror,  a 
delicate  capillary  glass  tube  that  feeds  ink 
from  a  reservoir,  and  by  this  means  the  move- 
ments of  the  needle  are  recorded  on  a  moving 
strip  of  paper.  The  symbols  (representing 
letters)  are  formed  by  combinations  of  zigzag 
l;nes.   This  instrument  is  the  syphon-recorder. 


CHAPTER  XVIII. 


SHORT-USE   TELEOnAPHS. 

Early  in  the  history  of  the  telegraph  short 

and  as  the  Morse  code  was  familiar  only  to 
those  who  had  studied  it  and  were  expert  oper- 
ators on  cornmereial  lines,  some  system  Tad 
to  be  devsed  that  any  one  with  an  ordinary 
Enghsh  education  could  use;    as  the  expanse 

Breat  for  all  ordinary  business  enterprises 
These  hort  lines  are  called  private  lines,  and 
the  instruments  used  upon  them  were  called 
private-line  telograph-instniments.    Of  course 

Phone  "'bu"tTb"'"'^  °"  '"P""^''^''  '•y  *-  t">e- 
Phone,  but  they  are  a  part  of  history. 

One  of  the  earliest  forms  of  short-line  in- 
struments was  called  the  dial-telegraph  "Vne 

fori  of  IT"*"'-  "  ""*  *•"«  «'^'.  "f  this 
stoTe  of  ""=*™"ent  was  Professor  Wheat- 
stone  of  England,  who  perfected  a  dial-tele- 
graph-mstrument  about  the  year  1839.     The 

a  lettered  dial-face,  under  which  was  clock- 
work mechanism   and  an  escape-wheel   con- 
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trolled  by  an  electromagnet.     Each  time  the 
circuit  was  opened  or  closed  the  wheel  would 
move  forward  on«  step,  end  each  step  repre- 
dented  one  of  r/;-  iet+ers  of  the  alphabet,  so 
that  the  wheel,  likr:  the  type-wieel  of  a  print- 
ing telegraph,  had  fo^jcfrrn  teeth,  each  tooth 
representing  two  iit^p^..     As  the  reciprocating 
movement  of  tie  escapement  had  a  pallet  or 
check-piece   on  each   side   of  the  wheel,   its 
movement  was  arrested  twenty-eight  times  in 
each  revolution.    These  twenty-eight  steps  cor- 
respond to  the  twenty-si^s  letters  of  the  al- 
phabet, a  dot  and  a  space.    On  the  shaft  of  the 
etcape-wheel  is  fastened  a  hand  or  pointer, 
which  revolves  over  a  dial-face   having  the 
twenty-six  letters  of  the  alphabet,  also  a  dot 
and  space.    The  pointer  was  so  adjusted  that 
when  the  escape-wheel  was  arrested  by  one  of 
the  pallets  it  would  stop  over  a  letter,  showing 
thus,  letter  by  letter,  the  message  which  the 
sender  was  spelling  out. 

The  transmitter  consisted  of  a  crank  with 
a  knob  and  a  pointer  on  it,  which  was  mounted 
over  a  dial  that  was  lettered  in  the  same  way 
as  the  face  of  the  receiving-instrument.  A 
revolution  of  this  crank  would  break  and  close 
the  circuit  twenty-eight  times;  that  is  to  say, 
there  were  fourteen  breaks  and  fourteen 
closes  of  the  circuit.  If  17  the  transmitting- 
pointer  and  the  receiving-pointer  are  unified 
so  that  they  both  start  from  the  same  point  on 
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the  dial,   and  the  transmitting-erank  is  ro- 
tated  from   eft  to  right,  the  receiving-pointer 
will  follow  It  up  to  the  limit  of  its  speed.    In 
^ransmitting  a  message  the  sender  would  turn 
his  crank,  or  pointer,  to  the  first  letter  of  the 
word  he  wished  to  transmit,  making  a  short 
pause,  and  then  move  on  to  the  next  letter,  and 
.30  on  to  the  end  of  the  message,  making  a 
Bhort  pause  on  each  letter.    The  end  of  a  word 
was  indicated  by  turning  the  pointer  to  the 
space-mark  on  the  dial.    The  receiving-opera- 
tor would  read  by  the  pauses  of  the  needle  on 
the  various  letters.    This  was  a  system  of  read- 
ing by  sight. 

There  have  been  many  forms  of  this  dial- 
telegraph  worked  out  by  different  inventors  at 
different  times,  and  quite  a  number  of  them 
were  used  in  the  old  days.    It  was  a  slow  proc- 
ess of  telegraphing,  but  it  was  suited  to  the 
age  in  which  it  flourished.    One  of  the  diffi- 
culties of  a  dial-telegraph  consisted  in  the 
readiness  with  which  the  transmitter  and  re- 
ceiver would  get   out   of  unison   with   each 
other;    and  when  this  happened  of  course  a 
message  IS  unintelligible,  and  you  have  to  stop 
and  unify  again. 

About  1869  the  writer  invented  a  dial-tele- 
graph to  obviate  this  difficulty.  In  this  system 
a  transmitter  and  receiver  were  combined  in 
one  instrument,  and  instead  of  a  crank  there 
were  buttons  arranged  around  the  dial  in  a 
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circle,  one  opposite  each  letter.    When  not  in 
operation    the  pointers   of   both   instruments 
at  both  stations  stood  at  zero.    In  the  act  of 
transmitting  the  operator  would  depress  the 
button  opposite  the  letter  he  wished  to  indi- 
cate, when  immediately  the  pointers  of  both 
instruments  would  start  up  and  move  auto- 
matically, step  by  step,  until  the  pointer  came 
m  contact  with  the  stem  of  the  depressed  but- 
ton, when  It  would  be  arrested,  and  at  the 
same  time  cut  out  the  automatic  transmitting- 
mechanism  and  cause  both  needles  to  remain 
stationary  during  the  time  the  button  was  de- 
pressed.   Upon  releasing  the  button  the  point- 
ers both  fall  back  to  zero  at  one  leap. 

The  first  private  line  equipped  by  this  in- 
strument was  for  Rockefeller,  Andrews  & 
Flagler,  which  was  the  firm  name  of  the  parties 
who  afterward  organized  the  Standard  Oil 
Company.  This  line  was  built  between  their 
office  on  the  public  square  in  Cleveland  and 
their  works  over  on  the  Cuyahoga  flats. 

It  seemed,  however,  to  be  the  fate  of  the 
writer  to  make  new  inventions  that  would 
supersede  the  old  ones  before  they  were  fairly 
brought  into  use.  Very  soon  after  the  dial- 
telegraph  began  to  be  used,  printing  telegraph 
instruments  for  private-line  purposes  super- 
seded them.  About  1867  a  printing  instru- 
ment was  devised  for  stock  reporting,  which 
m  one  of  its  forms  is  still  in  use.    Soon  after 


the  invention  of  this  form  of  printer  a  com- 
pany was  organized  to  operate  not  only  these 
stock-reporting  lines,  but  short  lines  for  all 
sorts  of  private  purposes.  Following  the  in- 
vention of  the  stock-reporting  instrument 
there  were  several  adaptations  made  of  the 
printing  telegraph  for  private-line  purposes. 
Among  others  the  writer  invented  on^e  known 
as      Grays  automatic  printer,"  a  cut  and  a 

in'^'p^T-''  7^^"^.°!?^  be  found  on  page  684 
in      Electricity  and  Electric  Telegraph,"  by 
George  B.  Prescott,  published  in  1877     This 
instrument  was  adopted  by  the  Gold  and  Stock 
lelegraph  Company  as  their  standard  private- 
line  printer.     It  was  first  introduced  in  the 
year  1871  and  at  the  time  the  telephone  began 
to  be  used  there  were  large  numbers  of  these 
printers   m  operation   in   all   of  the  leading 
cities  and  towns  in  the  United  States.    While 
this  has  been  superseded  to  a  large  extent  by 
the  telephone,  there  are  still  a  few  isolated 
cases  where  it  is  used. 

Short  lines  have  multiplied  for  all  sorts  of 
purposes,  until  to-day  the  money  invested  in 
them  largely  exceeds  the  amount  invested  in 
the  regular  commercial  telegraphic  enterprises. 
The  invention  .f  the  telephone  created  such 
a  demand  fo^  i,ort-line  service  that  some 
scheme  had  to  be  devised  not  only  to  make 
room  for  the  necessary  wires,  but  to  so  cheapen 
the  instruments  as  to  bring  them  within  reach 
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of  the  ability  of  the  ordinary  man  of  biiainess. 
Ihis  probJera  has  been  solved  (but  not  with- 
out many  difficulties)  by  the  inauguration  of 
what  18  known  as  the  «  central  station."    By 
this  systf  m  one  party  simply  controls  a  single 
wire  from  his  office  or  residence  to  the  central 
station;   here  he  can  have  his  line  connected 
with  any  other  wire  running  into  this  same 
station,  by  calling  the  central  operator  and 
asking  for  the  required  number.    It  is  useless 
to  tell  the  public  that  very  often  this  number 
js     busy,"  and  hero  is  the  great  drawback  to 
the  central-station  system.    This  is  especially 
true  m  large  cities,  where  there  are  a  great 
number  of  lines.     The  switchboards  in  large 
cities  are  necessarily  very  complicated  affairs 
and  It  requires  a  number  Oi  operator    to  an- 
swer the  many  calls  thai     -e  co-  ^tantl;^    -oming 
jn.  Each  central-station  operator  presides  over 
a  certain  section  of  the  board,  and  as  this 
section  ha=)  to  be  remted  .n  a  certain     ay  to 
every  other  section,  it  is  easy  to  see  wherein 
arises  the  complication. 

In  large  cities  the  central  staf  *  ^ns  t^  em- 
pelves  have  to  be  divided  and  locn  1  i  dif- 
ferent district^  being  coijiected  bv  a  svrtem 
of  trunk  linci. 


CHAPTER  XIX. 


THE  TELAUTOGRArn. 

eWfJn'l '"''  ^^""^  ^.''""*^"^  ««^«r«l  ^^ethods  of 
eectrica    communication   at   a   distance,   in- 

L  .  u  ^  ^.^"^  dial-telegraph  and  the  Morse 
code  embossed  on  a  strip  of  paper)  •  printed 
Xra^:  and  messages  received V  mC'^^ 
wonderfn  U^^'u'^  culminating  in  the  most 

tralmltl  !!!"'"  """"^T"'  ^"^"^^''  «^«  «We  to 
transmit  a  message  that  completely  identifies 

the  sender  without  confirmation  in  ihe  form  of 
an  autograph  letter  by  mail. 
In  1893  there  was  exhibited  in  the  electrical 

invented  by  the  writer  called  the  Telauto- 
graph. A.  the  word  implies,  it  i.  a  system  by 
S^teVtH  H-T  ^^\^-"^-^  -a.y  be  trans': 

proauced   m  facsimile   at  the   receiving-end 
This  instrument  has  been  so  often  d.  scribed  in 

do  it'^he  "  rl'  '^''  "    "^»  -^*  « W    o 
do  it  here,  for  the  reason  that  it  would  be  im- 
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possible  without  elaborate  drawings  and  speci- 
fications. It  is  unnecessary  to  state  that  it 
differs  in  a  fundamental  way  from  other  fac- 
simile systems  of  telegraphy.  Suffice  it  to  say 
that  as  one  writes  his  message  in  one  city 
another  pen  in  another  city  follows  the  trans- 
mitting-pen  with  perf(>ct  synchronism;  it  is 
as  though  a  man  were  writing  with  a  pen  with 
two  points  widely  separated,  bolii  moving  at 
the  same  time  and  both  making  exactly  the 
same  motions.  By  this  system  a  man  may 
transact  business  with  the  same  accuracy  as 
by  the  United  States  mail,  and  with  the  same 
celerity  as  by  the  electric  telegraph. 

A  broker  may  buy  or  sell  with  his  own  sig- 
nature attached  to  the  order,  and  do  it  as 
quickly  as  he  could  by  any  other  method 
of  telegraphing,  and  with  absolute  accuracy, 
secrecy  and  perfect  identification. 

In  1893,  when  this  apparatus  was  first  pub- 
licly exhibited,  it  operated  by  means  of  four 
wires  between  stations,  and  while  the  work  it 
did  was  faultless,  the  use  of  four  wires  made 
it  too  expensive  and  too  cumbersome  for  com- 
mercial purposes;  so  during  all  the  years  since 
then  the  endeavor  has  been  to  reduce  the  num- 
ber of  wires  to  two,  when  it  would  stand  on 
an  equality  with  the  telephone  in  this  respect. 
It  IS  only  lately  that  this  improvement  has 
been  satisfactorily  accomplished,  and,  for  rea- 
sons above  stated,  no  serious  attempt  has  been 
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made  to  introduce  it  as  yet;  but  it  has  been 
used  for  a  lung  enough  time  to  demonstrate  its 
practicability  and  commercial  value.  Compa- 
nies have  been  organized  both  in  Europe  and 
America  for  tiie  purpose  of  putting  the  telau- 
tograph into  commercial  use. 

By  means  of  a  switch  located  in  each  sub- 
scriber's office  the  wires  may  be  switched  from 
a  telephone  to  a  telautograph,  or  vice  versa, 
111  a  moment  of  time.    By  this  arrangement  a 
man  may  do  all  the  preliminary  work  of  a 
business    transaction    through    the   telephone 
and  when  he  is  ready  to  put  it  into  black  and 
white  switch  in  the  telautograph  and  write  it 
down.    For  ordinary  exchange  work  this  is  un- 
doubtedly the  true  way  to  use  the  telauto- 
graph, because  one  system  of  wires  and  one 
central-station   system   will   answer   for   both 
modes  of  communication,  and  in  this  way  an 
enormous  saving  can  be  made  to  the  public. 
Ihere  is  no  question  in  the  mind  of  any  one 
who  IS  familiar  with  the  operation  of  both  the 
telephone  and  telautograph  but  that  some  day 
they  will  both  be  used,  either  in  the  same  or 
separate  systems,  as  they  each  have  distinctly 
separate   fields   of  usefulnes.,-the   telephone 
for  desultory  conversation,  the  telautograph 
for  accurate  business  transactions.    The  ques- 
tion may  arise  in  the  minds  of  experts  how  the 
two  systems  can  be  worked  in  the  same  set  of 
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nomena  of  induction. 

Every  one  who  has  listened  at  a  telephone 
has  heard  a  jumble  of  noises  more  or  S  pro- 
nounced, which  is  the  effect  of  the  workTngof 
other  wires  m  proximity  to  those  of  the  tele- 
phone    If,  when  a  Morse  telegraph  instrument 
IS  in  operation  on  one  of  a  number  of  wires 
strung  on  the  same  poles,  we  should  insert  a 
telephone  m  any  one  of  the  wires  that  were 
strung  on  the  same  poles  or  on  another  set  of 
poles  even  across  the  street,  we  could  hear  the 
working  of  this  Morse  wire  in  the  telephone 

Z"!  1  '  P?^«"^^«<i'  according  to  the  dis ' 
tance  the  wire  is  from  th3  Morse  circuit.  This 
phenomenon  is  the  resi  t  of  induction,  caused 
by  magnetic  ether-waves  that  are  set  up  when- 
ever a  circuit  is  broken  and  closed,  as  ex- 
plained m  Chapter  VI.  »  •«»  ex 

The  telephone  is  perhaps  the  most  sensitive 
of  all  instruments,  and  will  detect  electrical 
disturbances  that  are  too  feeble  to  be  felt  on 
almost  any  other  instrument,  hence  the  tele- 
phone  IS  preyed  upon  by  every  other  system  of 
electrical  transmission,  and  for  this  reason  has 

wfthaTtr  ''  -^^-P-^-tion.  It  has  been 
+ound  that  the  surest  way  to  prevent  interfer- 

tZZ^l  f.^P^r/^^"^  neighboring  wires 
is  to  use  what  is  called  a  metallic  circuit-that 
IS  to  say,  instead  of  running  a  single  wire  from 
point  to  point  and  grounding  at  each  end,  aa 
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in  ordinary  telegraph  systems,  the  telephone 
circuit  18  completed  by  using  a  second  wire  in- 
stead of  the  earth. 

^  As  a  complete  defense  against  the  effects  of 
induced  currents  the  wires  should  be  exactly 
alike  as  to  cross-section  (or  size)  and  resist- 
ance. They  should  be  insulated  and  laid  to- 
gether with  a  slight  twist.  This  latter  is  to 
cause  the  two  wires  so  twieted  to  average  al- 
ways the  same  distance  from  any  contiguous 
Wire. 

One  factor  in  determining  the  intensity  of 
an  induced  current  is  the  distance  the  wire  in 
which  It  flows  is  from  the  source  of  induction. 
A  telephone  put  in  circuit  at  the  end  of  the 
two  wires  that  are  thus  laid  together  will  be 
practically  free  from  the  effects  of  induced 
currents  that  are  set  up  by  the  working  of 
contiguous  wires— for  this  reason:    Whenever 
a  current  is   induced   in  one   of   the   slack- 
twisted  wires  it  is  induced  in  both  alike;   the 
two  impulses  being  of  the  same  polarity  meot 
m  the  telephone,  where  they  kill  each  other 
In  order  to  have  a  perfect  result  we  must  have 
perfect  conditions,  which  are  never  attained 
absolutely,  but  nearly  enough  for  all  practical 
purposes. 

In  the  early  days  of  telephony  great  diffi- 
culty was  experienced  in  using  a  single  wire 
grounded  at  each  end  in  the  ordinary  way,  if 
It  rap  near  pth^r  wires  that  were  in  active  use 
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As  time  passed  on  and  the  electric  light  and 
electrie  railroad  came  into  operation  these  dif- 
ftculties  were  immensely  increased,  till  now  in 
large  cities  the  telephone  companies  are  fas^ 
being  driven  to  the  double-wire  system,  which 
will  soon  become  universal  for  telephonic  pui-^ 
poses  the  world  over,  except  perhaps  in  a  few 
country  places  where  there  is  freedom  from 
other  systems  of  electrical  transmission.     1^ 
successfully  work  the  telephone  and  telauto^ 
graph  through  the  same  cables,  these  proSe 
devices  against  induction  must  be  very  care- 
fully provided  and  maintained. 


CHAPTER  XX 

SOME  CURIOSITIES. 

rpoeS.    a,";!"""  7""  «^«'  '«"«h  except 
t  .^,?  ZV  ^"* /'•o  modern  scientist  has  taken 

prosy  l*:r^'"  1  P°f ?7  ""-^  P»*  it  into  the 

inv  medVrT  iS.'*-    ^"^-^  E-'diophone, 
wi,;„r  ^-    .  -^^'i'  '^  8°  instrument  hv 

which  articulate  or  other  sounds  are  trm^l 
ted  through  the  medium  of  a  ray  of  light     It 
has  as  yet  no  practical  application  an,!  (,. 
never  gone  beyond  the  e.peri;^:nX:gf  bu 

te're'sting?'  ""^''*'''=  •"*°™^*-  i*  i'  -^  i- 
.  If  we  introduce  into  an  electric  circuit  » 

rri  t/nt"™'  "T"'^  ■» "  -mr^y! 

is  thro^Tpofr  rt"  l^*'^"  "'  '"""«'" 
CO..,  so  cal«  iIZZlTZ^,t^^ 

-  :hmr:r- :r^t:ligh^S* 

r~nc:l™7;''''",-'>  ''  *o  ™"iStof  W 
resistance  would  produce  a  considerable  chanZ 
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in  the  strength  of  a  current  passing  through 
it  from  a  battery  of  a  given  voltage. 

If  now  we  connect  a  selenium  cell  to  one 
pole  of  a  battery,  and  thence  through  a  tele- 
phone and  back  to  the  other  pole,  we  have  com- 
pleted an  electric  circuit,  of  which  the  sele- 
nium cell  is  a  part,  and  any  variation  of  re- 
sistance in  this  cell,  if  made  suddenly,  will 
be  heard  in  the  telephone.    Let  the  diaphragm 
of  a  telephone  transmitter  have  a  very  light, 
thin  mirror  on  one  side  of  it,  and  a  beam  of 
sunlight  be  thrown  upon  it  and  reflected  from 
that  on  to  the  eelenium  cell,  which  may  be 
some  distance  away.    Then,  if  the  diaphragm 
is  thrown  into  vibration  by  an  articulate  word 
or  other  sound,  the  light-ray  is  also  thrown 
into  vibration,  which  causes  a  vibratory  change 
of  resistance  in  the  selenium  cell  in  sympathy 
with  the  light-vibrations;    and  this  in  turn 
throws  the  electric  current  into  a  sympathetic 
vibratory  state  which  is  heard  in  the  tele- 
phone.   So  that  if  a  person  laughs  or  talks  or 
sings  to  the  diaphragm,  the  sunbeam  laughs, 
talks  and  sings  and  tells  its  story  to  the  elec- 
tric current,  which  impresses  itself  upon  the 
telephone    as    audible    sounds — articulate    or 
otherwise.     Instead  of  the  telephone,  battery 
and  selenium  cell,  a  block  of  vulcanite  or  cer- 
tain other  substances  may  be  used  as  a  re- 
ceiver;  QS  ft  light-ray  thrown  into  vibration 
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vfb™tronTJ7'''''T  ^™°<' "  sympathetic 
viDration  m  certain  substances. 

Another  curious  application  of  the  sele.. 
mum  cell  has  been  attempted,  but  has  scarcelv 
gone    beyond    the   domain    of   theory       tS 

-I  eiepnote.  It  is  an  apparatus  by  which  an 
Ulumina  ed  picture  at  one  end  of  T  Une  of 
many  wires  is  reproduced  upon  a  screen  at 
the  other  end     The  light  is  not  aetuaUy  trans! 

"Id  off*i"„f  '^^  tf^''*^-  «"pp- « p^'™;e 

13  laid  off  into  small  squares  and  there  is  a 
selenium  cell  corresponding  to  each  square 
and  for  each  selenium  ceil  there  is  a  wire  Zt 
runs  to  a  distant  station  in  which  circuit  there 
IS  a  battery.    At  the  distant  station  therf  are 

rotd  bf  tT'  r/?'  ^"•"^  "'-'  that  are  con 
trolled  by  the  electric  current  and  so  adjusted 

n  .I'^'l*"?  "f  "*  '^^  t'ansmittingindls 
in  the  dark  the  shutter  will  be  closed.  Now  f 
a  strong  light  be  thrown  upon  the  picture  at 
Ihe  transmitting-end,  and  each  square  of  the 
picture  reflects  the  light  upon  its  correspond! 
ing  selenium  cell,  th^  higi^  li„ht/nf  TiT 
picture  will  reflec    8.,c>,if  l/'ht   th„n    It^ 

ing   to   the   high-hgiis   squares   will   have   a 

stronger  current  of  electricity  flowing  thrlLh 

es^haHr  *'"  --»•"-  of  the'cilcu  tt 

suadows.     So   that   the   degree   of   current- 
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strt3ngth  in  the  various  wires  will  correspond 
to  the  intensity  of  light  reflected  by  the  dif- 
ferent sections  of  the  picture.  The  shutters 
are  so  adjusted  that  the  amount  of  opening 
depends  upon  the  strength  of  current.  The 
shutters  corresponding  to  the  high  lights  of 
the  picture  will  open  the  widest  and  throw  the 
strongest  light  upon  the  screen,  from  a  source 
of  light  that  is  placed  behind  the  shutters. 
The  shutters  that  open  the  least  will  be  those 
that  are  operated  upon  by  the  shadows  of  the 
picture.  Inasmuch  as  a  picture  thrown  on  a 
screen  from  a  source  of  light  is  wholly  made 
up  of  lights  and  shadows,  the  theory  is  that 
this  apparatus  perfectly  constructed  would 
transmit  any  picture  to  a  distance,  through 
telegraph-wires.  It  must  not  be  understood 
that  the  rays  of  light  are  transmitted  through 
the  wires  as  sound-vibrations  are.  Light,  per 
se,  can  be  transmitted  only  through  the  lumi- 
niferous  ether,  as  we  have  seen  in  the  chapter 
on  light  in  Volume  II. 

While  we  are  talking  about  these  curious 
methods  of  telegraphic  transmission,  I  wish  to 
refer  to  an  apparatus  constructed  by  the  writer 
in  1874-5,  for  the  purpose  of  receiving  musical 
tones  or  compositions  transmitted  from  a  dis- 
tance through  a  wire  by  electricity.  (A  cut 
of  this  apparatus  is  shown  on  page  875  of 
"Electricity  and  Electric  Telegraph,"  by 
Presoott,  issued  in  1877.)    It  consists  of  a  disk 
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of  metal  rotated  by  a  crank  mounted  on  a 

uitable   stand.      The  electric   circuit   passes 

through  the  disk  to  the  hand  of  the  operator 

m  contact  with  it,  thence  running  through  the 

me-wire  to  the  distant  station      Now    if  a 

tune  IS  played  at  that  station,  upon  an  elec^ 

tncal  key-board,  as  described  in  a  previous 

chapter,  and  the  disk  rotated  with  the  fiTers 

.n  contact  with  it,  the  tune  or  other  sounds  will 

the  tewr*^  "*  *^  ""^'  °*  *«  fi"«^--    After 
!,L  I?-  ^"^  T'.  '"™"*^<'  «■«*  put  into  use  I 

speech  as  well  as  music,  and  by  this  means 
persons  may  carry  on  an  oral  converStZ 

at^h  ^'r""^  "^^"'^  fingers.    ThLap;" 
ratus  has  been  confounded  in  the  mindfof 

some  people  with  Edison's  electromotogvaph 

The  phenomena  of  the  eleetromotograph  were 

produced  by  chemical  effects,  while  that  of  the 

acSr     ri™'  ^"'""'^'^  '^  electrostatic  in  its 
action      The  electrostatic  disk  was  made  in 

cSeJ'T;°^  ''^'"*'  "^"^  E'J'^""'^  «k«tro" 
chemical  discovery  was  made  some  time  later. 


CHAJ>TER  XXt 

WIRELESS  TELEGRAPHY. 

Broadly  speaking,  "Wireless  Telegraphy" 
is  any  method  of  transmitting  intelligible  sig- 
nals to  a  distance  without  wires ;  and  this  in- 
cludes the  old  Semaphore  systems  of  visual 
signals,  such  as  flags  and  long  arms  of 
wood  by  day,  and  lights  by  night;  also  the 
Heliograph  (an  apparatus  for  flashing  sun- 
light),  and  Sound  Signals,  made  either  through 
the  air  or  water.  Electrical  conduction,  either 
through  rarefied  air  or  the  earth,  also  comes 
under  this  heading. 

The  name  "Wireless  Telegraphy,"  however, 
IS  specifically  applied  to  a  system  of  signaling 
by  means  of  ether-waves  induced  by  electrical 
discharges  of  very  high  voltage.  Ether-waves 
of  a  greater  or  less  degree  are  always  set  up 
whenever  there  are  sudden  electrical  disturb- 
ances, however  slight.  Ether-waves,  electric- 
ally induced,  are  probably  as  old  as  the  uni- 
verse. When  "there  were  thunders  and 
lightnings  "  from  the  cloud  that  hovered  over 
Mount  Sinai  in  the  time  of  Moses,  ether-waves 
of  great  power  were  sent  out  through  the  camp 
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of  Israel.  But  the  people  of  those  days  had 
no  coherer  "  or  telephone  or  any  other  means 
of  converting  these  waves  into  visual  or  audi- 
ble  signals.  Thousands  of  years  had  to  elapse 
before  the  intellect  of  man  could  grasp  the 
meaning  of  these  natural  phenomena  suffi- 
ciently to  harness  them  and  make  them  sub- 
servient to  his  will. 

Many  people  have  been  powerfully  "shocked" 
■-some  even  killed-by  the  impact  of  ether- 
Waves  set  up  by  powerful  discharges  of  light- 
ning between  the  clouds  and  the  earth-when 
they  were  not  in  the  direct  path  of  the  light- 
nmg-stroke.  ^ 

The  history  of  Electro- Wireless  Telegraphy 
Ike  that  of  all  inventions,  is  one  of  sufcessfv^e 
stages,  and  all  the  work  was  not  done  by  one 
man  The  one  who  gets  the  most  credit  is 
usually  the  one  who  puts  on  the  finishing 
touches  and  brings  it  out  before  the  public. 
He  may  have  done  much  toward  its  develop- 
ment or  he  may  have  done  but  little 

In  the  year  1842  Morse  transmitted  a  bat- 
tery current  through  the  water  of  a  canal 
eighty  feet  wide  so  as  to  affect  a  galvanometer 
on  the  opposite  side  from  the  battery.  This 
was  wireless  telegraphy  by  conduction  through 
water.  ^ 

In  1835  Joseph  Henry  produced  an  effect  on 
a  galvanometer  by  ether-waves  through  a  dis- 
tance of  twenty  feet  by  an  arranges  r«ent  of 
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batteries  and  circuits  like  that  shown  in  Fi^ 
1,  Chapter  VI.  This  was  called  induction.,  and 
18  still  so  called  when  electrical  effects  are  pro- 
duced from  one  wire  to  anothei  through  the 
ether  for  short  distances.  All  induction-coils 
and  transformers  (see  Chapter  XXIV)  are 
operated  by  effects  produced  through  the  ether 
from  the  primary  to  the  secondary  coil— but 
^  through  very  short  distances. 

In  1880  Professor  Trowbridge  transmitted 
an  electrical  curreri  tA  -ough  the  earth  for  one 

f   !o^  f  ^°  r^"'^      '  '^^^^^«  i^  a  telephone. 
In  1881-2  Professor  Dolbear  used  for  a  short 
distance  (fifty  feet)  .tibstantially  the  same  ar- 
rangement as  Marconi  now  uses,  except  that 
the  former  used  a  telephone  as  a  receiver.    He 
used  an  induction-coil  having  one  end  of  the 
secondary  wire  connected  with  the  earth,  while 
the  other  was  attached  to  a  wire  running  up 
into  the  air.     At  the   receiving-end   a   wire 
starting  from  the  earth  extended  into  the  air, 
passing  through  a  telephone,  which  acted  as  a 
receiver.    In  1886  he  used  a  kite  to  elevate  the 
wire,  through  which  electrical  discharges  of 
high  voltage  were  made  into  the  air  to  pro- 
duce ether-waves— the  receiver  being  2000  feet 
away.      Dolbear's    experiments    were    public 
fourteen  years  ago,  but    t  that  time  there  was 
no  interest  in  such  matters,  so  that  his  work 
received  little  or  no  attention.     In  1887  Dr. 
Hertz  of  Germany  made  some  experiments  in 


producing  and  detecting  ether-waves,  ;  he 
did  a  great  deal  to  awaken  an  interest  in  the 
subject,  so  that  others  began  investigations 
that  have  led  to  its  present  use  as  a  means  of 
telegraphing'  to  a  distance  of  many  miles. 

In  1891  1  rofessor  Branly  of  Paris  invented 
the  coherer  In  1894  it  was  improved  by 
Lodge  and  by  him  used  as  a  detector  of  ether- 
waves.  In  1896,  ten  years  after  Dolbear  had 
used  it  with  the  kite  at  the  transmitting-end 
and  telephone  at  the  receiving-end,  Marconi, 
an  Italian,  substituted  the  coherer  of  Branly 
for  the  telephone  of  Dolbear.  This  coherer  is 
constructed  and  operated  as  follows : 

It  consists  of  a  glass  tube,  of  comparatively 
small  diameter,  loosely  filled  with  metal  filings 
of  a  certain  grade.    This  body  of  metal-dust  is 
made  a  part  of  a  local  battery  circuit  in  which 
18  placed   an   ordinary  electric   bell   or  tele- 
graphic sounder.    The  resistance  of  this  body 
of  filings  is  so  great  that  current  enough  will 
not  pass  through  it  to  ring  the  bell  or  actuate 
the  sounder  until  an  ether-wave  strikes  it  and 
the  wire  attached  to  it,  when  the  metal  par- 
ticles are  made  to  cohere  to  such  an  extent  that 
the  conductivity  of  the  mass  is  greatly  in- 
creased; so  that  a  current  of  sufficient  volume 
will  now  pass  through  the  bell-magnet  to  ring 
It.    Before  the  next  signal  comes  the  filings 
must  be  made  to  de-cohere;  and  to  accomplish 
this  a  httle    tapper,"  that  works  automatically 
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between  the  signals,  strikes  the  glass  tube  with 
a  succession  of  light  blows. 

Briefly  stated,  the  wireless  system  of  Mar- 
coni, in  its  essentials,  consists  of  a  powerful 
induction-coil  with  one  end  of  the  secondary 
wire  connected  with  the  earth,  while  the  other 
extends  into  the  air  a  greater  or  less  distance 
according  to  the  distance  it  is  desired  to  send 
signals.  The  greater  the  distance  the  higher 
the  wire  should  extend  into  the  air.  At  the 
receiving-end  a  wire  of  corresponding  height 
is  erected,  also  connected  with  the  earth.  In 
this  wire— as  a  part  of  its  circuit— is  placed 
the  coherer.  In  a  local  circuit  that  is  con- 
nected to  the  upright  wire  in  parallel  with  the 
coherer  is  placed  a  battery,  a  sounder,  or  a 
bell,  that  is  rung  when  the  filings  cohere. 

When  an  ether-wave  is  set  up  by  a  discharge 
of  electricity  into  the  air  it  strikes  the  per- 
pendicular wire  of  the  receiver,  and  that  por- 
tion of  the  wave  that  strikes  is  converted  into 
electricity,  which  is  called  an  induced  current. 
It  is  this  current,  as  it  discharges  through  the 
coherer  to  the  earth,  that  causes  the  filings  to 
nnite  so  as  to  close  the  local  circuit  and  oper- 
ate the  sounder.  To  send  a  message  it  is  only 
necessary  to  make  the  discharges  into  the  air, 
at  the  sending-end,  correspond  to  the  Morse 
alphabet. 

While  Marconi  has  done  more  than   any 
other  man  to  improve  and  popularize  wireless 
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telegraphy,  history  shows  that  he  invented 
none  of  the  essential  elements  ao  far  as  the 
system  has  been  made  public. 

What  he  seems  to  have  really  done  was  to 
substitute  the  coherer  of  Branly  and  Lodge, 
with  its  adjuncts,  for  the  telephone  of  Dol- 
bear.  There  is  no  doubt  but  that  Marconi  has 
done  much  to  improve  and  enlarge  the  capacity 
of  the  apparatus  and  to  demonstrate  to  the 
world  some  of  its  possibilities.  He  has  been 
an  indefatigable  worker  and  deserves  great 
credit ;  but  without  the  work  of  those  who  pre- 
ceded him  he  could  not  have  succeeded :  the 
honors  should  be  divided. 

This  system  has  been  used  at  various  times 
for  reporting  yacht-races,  and  between  ships. 
It  is  said  also  to  have  been  used  to  some  ex- 
tent in  the  South  African  War.  There  is 
much  to  be  done  yet,  however,  before  it  can  be 
made  entirely  reliable  for  defensive  work  in 
time  of  war.  As  it  is  now,  all  an  enemy  would 
have  to  do  to  destroy  its  usefulness  would  be 
to  set  an  ether-wave-producer  to  work  auto- 
matically anywhere  within  the  "  sphere  of  in- 
fluence" of  the  system— to  speak  diplomat- 
ically—when it  would  render  unintelligible 
any  message  that  should  be  sent.  To  make 
ihe  system  of  the  greatest  value  some  sort  of 
selective  receiver  must  be  invented  that  will 
select  signals  sent  from  a  transmitter  that  is 
designed  to  work  with  it. 
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There  is  no  doubt  but  that  wireless  teleg- 
raphy will  some  time  play  an  important  part 
in  many  spheres  of  usefulness. 

There  is  another  mode  (already  referred 
to)  for  transmitting  signals  electrically  with- 
out wires  through  the  earth  instead  of  through 
the  air,  but  in  this  case  it  is  not  through  the 
medium  of  induction,  but  conduction.  It  has 
been  explained  in  former  chapters  that  earth- 
currents  are  constantly  flowing  from  one  point 
to  another  where  the  potentials  are  unequal. 
Sometimes  these  inequalities  of  potential  ar3 
caused  by  heat  and  sometimes  by  electricity, 
as  in  the  case  of  a  thunder-storm.  If  a  cloud 
is  heavily  charged  with  positive  electricity, 
say,  the  earth  underneath  will  have  an  equal 
charge  of  negative  electricity.  Let  us  illus- 
trate it  by  the  tides.  As  the  moon  passes  over 
the  ocean  it  attracts  the  water  toward  it  and 
tends  to  pile  up,  as  it  were,  at  the  nearest  point 
between  the  earth  and  the  moon.  Suppose 
that  (while  the  water  is  thus  piled  up  at  a 
point  under  the  moon)  we  could  suddenly  sus- 
pend the  attraction  between  the  earth  and  the 
moon — the  water  would  begin  immediately  to 
flow  off  by  the  force  of  gravitation  until  it  had 
found  a  common  level.  Suppose  in  the  place 
of  the  moon  we  have  a  cloud  containing  a 
static  charge  of  positive  electricity — it  at- 
tracts a  negative  charge  to  a  point  on  the 
earth  nearest  the  cloud.    If  now  a  discharge 
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takes  place  between  the  earth  and  cloud  the 
potential  between  the  two  will  suddenly  be- 
come equalized  and  the  static  charge  that  was 
accumulated  in  the  earth  is  released  and  it 
dissipates  in  every  direction,  seeking  an  equi- 
librium, following  the  analogy  of  the  water; 
the  diff<:rence  being  that  in  one  case  the  move- 
ment is  very  slow,  while  in  the  other  it  is  as 
"  quick  as  lightning." 

About  eighteen  years  ago  I  had  a  short  tele- 
phone-lim  between  my  ..ouse  and  that  of  one 
of  my  neighbors.  This  line  was  equipped  with 
what  was  known  in  those  dovs  as  magneto- 
transmitters,  such  as  we  have  described  in  a 
previous  chapter  on  the  subject  of  telephony. 
When  a  line  is  equipped  in  this  way  no  bat- 
teries are  needed,  as  the  voice  generates  the 
current,  on  the  principle  employed  in  the 
dynamo-electric  machine.  Often  on  summer 
evenings,  when  the  sky  appears  ^o  be  cloudless, 
we  can  see  faint  flashes  of  lightning  on  the 
horizon,  an  appearance  which  is  commonly 
called  "  heat-lightning."  As  a  matter  of  fact, 
I  do  not  suppose  there  is  any  such  thing  as 
heat-lightning,  but  what  we  see  is  the  effect  of 
very  distant  storm-clouds.  Often  at  such  times 
I  have  held  the  telephone  receiver  to  my  ear 
and  could  hear  simultaneously  with  each  flash 
a  slight  sound  in  the  telephone.  This  effect 
could  bej)roduced  in  the  earth  by  a  simple  dis- 
charge between  two  or  more  clouds,  which 
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would  distribute  the  electrical  discharge  over 
a  greater  area.  And  because  my  line  had  con- 
nection with  the  earth  it  could  have  been  dis- 
turbed electrically  by  conduction  instead  of 
induction;  or  it  may  have  been  the  effect  of 
ether-waves  set  up  by  the  lightning  discharges. 
Ihere  is  no  doubt  in  my  mind  but  that  both 
of  these  effects  (ether-waves  and  conduction 
through  earth)  may  be  felt  when  a  discharge 
takes  place  between  a  cloud  and  the  earth. 

If  we  could,  by  operating  an  ordinary  tele- 
graphTc  key,  cause  the  lightning  to  discharge 
from  cloud  to  earth,  and  some  one  was  lis- 
tening at  a  telephone  in  a  circuit  that  was 
grounded  at  both  ends  100  miles  or  more  dis- 
tant from  the  cloud,  the  man  who  controlled 
the  discharges  by  the  key  could  transmit  the 
Morse  code  through  the  earth  to  the  man  who 
was  listening  at  the  telephone.    Thousands  of 
people   might   be  listening   at   telephones   in 
every  direction  from  the  transmitting-station, 
and  they  would  all  get  the  same  message.    If 
the  receiving-station  is  near  to  the  point  where 
there  is  a  heavy  discharge  from  the  clouds  to 
the  earth  the  earth-current  is  very  strongs 
flowing  out  in  every  direction.    For  some  years 
I  had  an  underground  line  between  my  house 
and  laboratory,  and  no  part  of  the  line  be- 
tween the   two  stations   was   above  ground 
Many  and  many  times  during  the  prevalence 
of  a  thunder-storm  have  the  telephone-bells 
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beep  made  to  ring  at  both  ends  of  the  line  by 
a  discharge  from  the  cloud  to  the  earth,  and  in 
some  cases  the  discharge  was  several  miles 
away.  The  wires  could  not  have  been  affected 
so  powerfully  in  any  other  way  than  through 
the  earth. 

It  will  be  seen  by  the  foregoing  statements 
that  it  is  possible  to  transmit  messages  through 
the  earth  for  long  distances,  but  the  difficulty 
in  the  way  of  its  becoming  a  general  system 
is  twofold.  First,  we  cannot  always  have  a 
thunder-cloud  at  hand  from  which  to  transmit 
our  signals,  and,  secondly,  the  signals  would 
be  received  alike  at  every  station  simulta- 
neously. 


CHAPTER  XXII. 


NIAGARA  FALLS  POWER— INTRODUCTION. 

As  our  readers  know,  Niagara  Falls  is  sit- 
uated upon  the  Niagara  River,  which  is  the 
connecting-link  between  Lake  Erie  and  Lake 
Ontario.     The  surface  of  Lake  Erie  lies  330 
feet  above  that  of  Lake  Ontario.     The  high 
level  upon  which  Lake  Erie  is  situated  ab- ' 
ruptly   terminates   at   Queenstown,   which   is 
near  the  point  where  the  Niagara  River  emp- 
ties into  Lake  Ontario.    From  Lake  Erie  to 
the  falls  the  level  of  the  river  is  gradually  low- 
ered a  httle  less  than  100  feet,  and  most  of 
this  (making  « the  rapids  ")  occurs  in  the  last 
mile  above  the  point  where  it  takes  a  perpen- 
dicular plunge  of  165  feet  into  a  narrow  gorge 
extending  for  seven  miles,  through  which  the 
river  runs,  gradually  falling  also  100  feet  in 
that  distance.     The  river  above  the  falls  is 
broad,  varying  from  one  to  three  miles   in 
width,  but  below  that  point  it  is  suddenly  nar- 
rowed up  to  a  distance  of  from  200  to  400 
yards. 

It  is  supposed  that  at  one  time  the  fall  was 
situated  at  the  bluff  overlooking  Queenstown, 
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near  Lake  Ontario,  and  at  that  time  was  very 
much  higher  than  it  is  at  present.    Through 
long  ages  of  time  the  water  has  gradually 
eaten  away  the  rock,  thus  forming  the  gorge. 
It  IS  estimated  by  diJ0Ferent  geologists  that  the 
time  required  to  wear  a^ay  the  rock  back  to 
the  present  position  of  the  fall  has  required 
from  15,000  to  35,000  years.    Some  authorities 
place  the  rate  of  wear  at  three  feet  per  annum 
and  others  not  more  than  one.     It  is  well 
known,  however,  that  this  erosion  is  constantly 
going  on  and  if  nothing  is  done  to  check  it  the 
time  will  come  when  the  gorge  will  extend  up 
to  Lake  Erie  and  drain  it,  practically,  to  the 
bottom.    This  is  a  matter,  however,  that  the 
people  of  this  and  those  of  several  succeeding 
generations  need  not  worry  about. 

In  the  early  days,  before  the  country  was 
settled  and  the  banks  of  the  river  were  lined 
with  trees,  and  no  houses,  hotels  or  horse-cars 
were  to  be  seen;  when  the  puffing  of  the  loco- 
miotive  was  not  heard  echoing  from  shore  to 
shore;   when  no  bridges  spanned  the  river  to 
mar  Its  beauty,  and  when  nature  was  the  only  - 
architect  and  beautifier,  Niagara  Falls  must 
have  been  one  of  the  most  attractive  spots  on 
the  earth;  at  least  it  is  the  place  of  all  places 
where  the  mighty  energies  of  nature  are  gath- 
ered together  in  one  grand  exhibition  of  sub- 
lime power.    Here  for  ages  this  same  grand 
exhibition  had  been  going  on,  and  although 
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there  was  no  human  eye  to  see  it,  those  of  us 
who  believe  that  nature  is  not  a  thing  of 
chance,  but  that  it  was  planned  by  an  intelli- 
gence infinitely  superior  to  that  of  any  man, 
can  easily  imagine  that  the  Great  Architect 
and  beautifier  of  this  same  nature,  not  only 
plans  but  enjoys  the  work  of  His  own  hand. 
Why  not?  For  ages  the  same  sun,  in  his  daily 
round,  has  reflected  that  beautifully  colored 
rainbow,  here  the  product  of  sunshine  and  mist. 
The  same  water,  through  these  successive  ages, 
has  been  lifted  to  the  clouds  by  the  power 
of  the  sun's  rays,  and  has  been  carried  back 
to  the  fountain-heads  on  the  wings  of  the 
wind,  and  there  has  been  condensed  into  rain- 
drops, that  have  fallen  on  land,  lake  and  river, 
and  in  turn  has  been  carried  over  this  same 
waterfall  in  its  onward  course  toward  the  sea, 
only  again  to  be  caught  up  into  the  clouds; 
and  thus  through  an  eternal  round  it  has  been 
kept  moving  by  that  mighty  engine  of  nature, 
the  sun.  It  is  said  that  « the  mill  will  never 
grind  with  the  water  that  has  passed."  This 
is  true  only  in  poetry.  As  a  matter  of  fact, 
"  the  water  that  has  passed  "  may  often  return 
to  help  the  mill  to  grind  again. 

Water-powers  have  been  utilized  in  a  small 
way^  for  many  years  for  the  purpose  of  gen- 
erating electricity  through  the  medium  of  the 
dynanao,  but  nowhere  in  the  world  has  the  ap- 
plication of  the  force  been  made  for  this  pur- 
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pose  on  such  a  grand  scale  as  at  Niagara  Falls 
When  one  stands  on  the  bank  of  the  river  and 
sees  the  great  waterfall  as  it  plunges  over  the 

ZlZ'l  ''"*'"*^  '  ^'"'^  «^  from  five  to  ten 
million  horse-power,  one  is  overwhelmed  in 
contemplation  of  its  possiUlities  as  a  source 
of  energy  that  may  be  converted  into  work 

oTiSr  '''"^''-'^  *''^"^^ '''  -^ 

The  genius  of  man  has  devised  a  way  bv 
which  some  of  this  constantly  wasting  energy 

tXed%n-r''/"*.^  ^^^^*"-*^  -<^"^- 

kTnd.  of        f '''5*  ^T^'  *°  P^'^«""  various 
kinds  of  work.     But  the  amount  utilized  as 

yet  18  scarcely  a  drop  when  compared  with  that 

set'to  Tl'  ""'  a  '^'  "^^^^  * '"-*  -"' d  be 
set  to  work  in  the  same  manner  as  a  very 

smaU  portion  of  it  now  is.  ^ 
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NIAGARA  FALLS  POWER— APPLIANCES. 

Some  years  ago  a  company  was  formed  for 
the  purpose  of  utilizing,  to  some  extent,  this 
greatest  of  all  water-powers.  A  tunnel  of  large 
capacity  was  run  from  a  point  a  short  dis- 
tance below  the  falls  on  a  level  a  little  above 
the  river  at  that  point.  The  general  direction 
of  this  tunnel  is  up  the  river;  it  is  about  a 
mile  and  one-half  in  length,  terminating  at  a 
point  near  the  bank  of  the  river  a  mile  or  more 
above  the  falls.  Above  the  end  of  this  tunnel 
an  upright  pit  comes  to  the  surface,  where 
a  power-house  of  large  dimensions  has  been 
constructed  of  solid  masonry.  It  is  long 
enough  at  present  to  contain  ten  dynamos  of 
mammoth  size.  Along  the  side  of  this  power- 
house a  deep  broad  canal  is  cut,  which  commu- 
nicates with  the  river  at  that  point,  and 
through  which  flows  the  water  that  is  to  fur- 
nish the  power.  Of  course  the  water  level  of 
this  canal  is  the  same  as  that  of  the  river. 

The  foundations  of  the  power-house  extend 
to  the  bottom  of  the  tunnel,  which  at  that 
point  is  180  feet  below  the  surface  of  the 
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ground.  To  put  it  in  other  words,  the  cellar 
or  pit  under  the  power-house  is  180  feet  deep 
and  communicates  with  the  ^reat  tunnel, 
which  has  its  outlet  below  the  falls. 

Each  of  the  ten  dynamos  is  driven  by  a  tur- 
bine water-wheel  situated  near  the  bottom  of 
the  pit  heretofore  described.  The  turbine- 
wheel  is  on  the  lower  end  of  a  continuous 
shaft,  which  reaches  from  a  point  near  the 
bottom  of  the  tunnel  to  a  point  ten  or  fifteen 
feet  above  the  floor  of  the  power-house  (which 
is  about  on  a  level  with  the  surface  of  the 
ground). 

This  shaft  is  incased  in  a  water-tight  cylin- 
der of  suf>h  diameter  as  will  admit  a  sufficient 
amount  of  water,  and  connects  with  the  tur- 
bine wheel  at  the  bottom  in  the  ordinary  way. 
The  water  is  admitted  into  the  top  of  this 
cylinder  from  the  canal,  so  that  the  wheel  is 
under  the  pressure  of  a  falling  column  of 
water  over  140  feet  high.    The  water,  forcing 
.  Its  way  out  at  the  bottom  through  the  turbine, 
revolves  it  and  its  long,  upward-reaching  shaft 
with  great  power,  and  enables  it  to  work  the 
dynamos  in  the  power-house  above,  as  will  be 
described.    The  water  discharges  through  the 
wheel  in  such  a  manner  as  to  lift  the  whole 
shaft,  thus  taking  away  the  tremendous  end- 
thrust  downward  that  would  otherwise  inter- 
fere greatly  with  the  running  of  the  machine 
through  friction.    After  the  water  has  done 
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its  work  it  flows  off  through  the  tunnel  into  the 
river  below  the  falls. 

To  the  upper  end  of  the  power-shaft  is  at- 
tached a  great  revolving  umbrella-shaped 
hood;  to  the  periphery  (circumference)  of 
this  hood  is  attached  a  forged  steel  ring,  5 
inches  in  thickness,  about  12  feet  in  diameter 
and  from  4  to  5  feet  in  width.  The  whole  of 
the  revolving  portion — including  the  ring  upon 
which  are  mounted  the  field-magnets,  the 
hood,  and  the  shaft  running  to  the  bottom  of 
the  pit,  where  the  turbine  wheel  is  attached — 
weighs  about  thirty-five  tons. 

The  dynamos  belong  to  the  alternating  type, 
and  are  comparatively  simple  in  construction. 
In  a  previous  chapter  upon  the  dynamo  it  was 
stated  that  the  fundamental  feature  was  the 
relation  that  the  field-magnet  and  the  arma- 
ture sustained  to  each  other,  and  that  in  some 
cases  the  field-magnet  revolves  while  the  part 
that  is  technically  called  the  armature  remains 
stationary.  In  other  cases  the  armature  re- 
volves and  the  field-magnets  are  stationary. 
In  the  latter  case  brushes  and  commutators 
are  used,  to  catch  and  transfer  the  generated 
electricity,  while  in  the  former  these  are  not 
needed,  which  simplifies  the  construction  of 
the  machine. 

As  we  have  stated,  the  dynamos  used  at 
Niagara  are  constructed  with  revolving  field- 
magnets  that  are  bolted  on  to  the  inner  surface 
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of  the  steel  ring  that  is  carried  by  the  hood, 
so  that  there  are  no  brushes  connected  with  the 
machine  except  the  small  ones  used  to  carry 
the  current  to  the  field-magnets. 

The  current  for  power  purposes  is  generated 
in  a  large  stationary  armature  about  ti  feet 
in  diameter  and  of  the  same  depth  as  the  re- 
volving ring.  The  revolutions  of  the  ring  send 
out  currents  of  alternating  polarity,  and  each 
of  the  ten  machines  will  furnish  electrical 
energy  equal  to  5000  horse-power,  so  that  when 
the  work  that  is  now  under  way  is  completed 
50,000  horse-power  can  be  furnished  in  the 
form  of  electricity.  About  35,000  horse-power 
is  now  actually  delivered  to  the  various  indus- 
trial enterprises.  The  dynamos  are  set  hori- 
zontally, since  the  shaft  which  connects  them 
with  the  turbine  wheel  stands  in  a  perpen- 
dicular position. 

Not  all  of  the  energy  that  is  developed  by 
the  water-wheel  is  converted  into  electricity, 
but  some  of  it  appears  as  heat.  In  order  to 
prevent  the  heat  from  becoming  so  great  as  to 
be  dangerous  to  the  machine  it  must  be  con- 
structed in  sucl  a  way  as  to  admit  of  sufficient 
ventilation  for  cooling  purposes.  The  arma- 
ture is  so  cons  ructed  that  there  are  air-pas- 
sages running  ill  through  it,  and  on  top  of 
the  revolving  ho  3d  are  two  bonnet-shaped  air- 
tubes  set  in  such  a  way  as  to  force  the  air 
down  through  th?  armature,  which  carries  off 
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the  heat  and  warms  the  power-house,  on  the 
principle  of  a  hot-air  furnace.  This  great 
machine--which,  in  a  way,  is  so  simple  in  its 
construction — when  in  action  conveys  to  the 
mind  of  the  beholder  a  sense  of  wonderful 
power.  It  is  only  when  we  stand  in  the  pres- 
ence of  such  exhibitions  as  may  be  seen  in  this 
power-house,  devised  and  executed  by  the 
genius  of  man,  and  in  tjiat  greater  presence, 
the  mighty  Falls  of  Niagara,  that  we  get  some- 
thing of  a  conception  of  the  power  of  the  silent 
yet  potent  energy  of  the  great  king  of  daylight, 
the  sun. 

There  are  very  many  interesting  details  that 
work  in  connection  with  this  great  power- 
plant,  some  of  which  we  will  describe,  in  a  gen- 
eral \*'ay. 

Standing  within  a  few  feet  of  each  one  of 
the  great  dynamos  is  a  very  beautifully  con- 
structed piece  of  machinery  called  the  gov- 
ernor. The  governor  regulates  the  speed  of 
the  dynamos  by  partially  opening  and  closing 
the  water-gates  that  regulate  the  flow  of  water 
into  the  turbines.  The  question  may  be  asked, 
why  is  there  any  regulation  needed,  if  there  is. 
always  an  even  head  of  water  ?  There  are  two 
reasons — one  because  the  load  on  the  dynamo 
is  constantly  changing,  and  another  that  the 
head  of  water  changes,  although  this  latter 
fluctuation  is  in  long  periods.  If  the  circuit 
leading  out  from  the  dynamo  is  broken,  the 


rotating  part  of  the  dynamo  will  move  with 
great  ease  and  little  power,  as  compared  with 
what  is  required  when  the  circuit  is  closed, 
and  the  current  is  going  out  and  doing  work. 
The  increased  amount  of  energy  that  will  be 
required  to  keep  the  dynamo  moving  at  a  cer- 
tain rate  of  speed  when  the  load  is  on— in 
other  words,  when  the  circuit  is  closed— will 
depend  upon  the  amount  of  current  that  is  go- 
ing out  from  the  dynamo  to  perform  work  at 
other  points.    As  the  amount  of  current  used 
outside  for  the  various  purposes  is  constantly 
changing,   it  follows   that   the   load   on   the 
dynamo  is  constantly  changing  also.    As  the 
load  changes,  the  speed  will  change,  unless  the 
amount  of  water  that  is  flowing  into  the  tur- 
bine is  changed  in  a  like  proportion;    hence 
the  necessity  for  a  governor  that  will  perform 
this  work.    You  can  easily  imagine  that  it  will 
require  a  great  amount  of  power  to  move  the 
gate  up  or  down  with  such  a  pressure  of  water 
behind  it.    It  is  not  possible  here  to  explain 
the  operation  of  the  governor  in  detail,  as  that 
could  not  be  done  without  elaborate  drawings; 
suffice  it  to  say  that  the  whole  thing  is  con- 
trolled by  a  small  ball  governor  such  as  we  see 
used  in  ordinary  steam-engines  for  regulating 
steam-pressure. 

The  rising  or  falling  of  the  balls  of  this 
governor  to  only  a  very  slight  extent  will 
bring  into  action  a  power  that  is  driven  by 
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the  turbine  itself,  which  is  able  to  move  the 
water-gate  in  v  ither  direction  according  as 
the  balls  rise  or  fall.  For  instance,  if  the  balls 
rise  beyond  their  normal  position,  it  shows 
that  the  dynamo  is  increasing  in  speed,  and 
immediately  machinery  is  brought  into  action 
that  shuts  the  water  off  in  a  small  degree,  just 
enough  to  bring  the  speed  back  to  normal.  If 
the  balls  drop  to  any  extent,  it  shows  that  the 
load  is  too  great  for  the  amoimt  of  water,  and 
that  the  dynamo  is  decreasing  in  speed;  im- 
mediately the  power  is  brought  into  action, 
now  in  the  opposite  directioi ,  and  the  water- 
gate  is  opened  wider.  These  slight  variations 
of  speed  are  constantly  going  on,  and  the  con- 
stant opening  and  closing  of  the  gate  follows 
with  them.  It  is  a  beautiful  piece  of  ma- 
chinery, and  is  beautifully  adapted  to  the 
work  it  has  to  perform.  It  is  continually 
standing  guard  over  this  greater  piece  of 
machinery  that  is  exerting  an  energy  of  5000 
horse-power  and  prevents  it  from  going  wrong, 
both  in  doing  "that  which  it  should  not  do 
and  leaving  undone  that  which  it  should  do." 
It  is  a  machine  that,  when  in  action,  points  a 
moral  to  every  thinking  person  who  beholds  it. 
Every  man  has  such  a  governor  if  he  only  has 
the  inclination  to  use  it. 

I  have  said  further  back  that  the  water- 
head  varies,  but  usually  at  long  periods.  This 
variation   is   chiefly   caused   by   changes   of 
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wind,  and  it  is  very  much  greater  than  one 
would  suppose  without  studying  the  causes, 
lake  Erie  lies  in  an  easterly  and  westerly  di- 
rection, and  when  the  wind  blows  constantly 
for  a  time  from  the  west,  with  considerable 
force,  the  water  piles  up  at  the  eastern  end  of 
the  lake,  which  causes  the  level  of  the  Niagara 
•  River  to  rise  to  a  very  sensible  extent.    It  is 
not  so  noticeable  above  the  falls  as  below,  be- 
cause of  the  great  difference  in  the  width  of 
the  river  at  these  two  points.    Sometimes  the 
river  below  the  falls,  as  it  flows  through  the 
narrow  gorge,  will  vary  in  height  from  twenty 
to  forty  feet.    When  the  wind  stops  blowing 
from  the  west  and  suddenly  changes  and  blows 
from  the  east,  it  carries  the  water  of  the  lake 
away  from  the  east  toward  the  west  end,  which 
will  produce  a  corresponding  depression  in  the 
Niagara  River.    No  doubt  there  is  an  effect 
produced  by  the  difference  of  annual  rainfall, 
but  the  effect  from  this  cause  is  not  so  marked 
as  that  from  the  changing  winds. 

Another  appliance  used  in  the  power-house, 
chiefly  for  handling  heavy  loads  and  trans- 
ferring them  from  one  point  to  another,  is 
called  the  electric  crane.  It  is  mounted  upon 
tracks  located  on  each  side  of  the  power-house. 
The  crane  spans  the  whole  distance,  and  runs 
on  this  track  by  means  of  trucks  from  one  end 
of  the  power-house  to  the  other.  Running 
across  this  crane  is  another  track  which  car- 
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ries  the  lifting-machinery,  consisting  of  block 
and  tackle,  able  to  sustain  a  weight  of  fifty 
tons.  Situated  at  one  end  of  the  crane  are 
one  or  more  electric  motors,  which  are  able, 
under  the  control  of  the  engineer,  to  produce 
a  motion  in  any  direction,  which  is  the  re- 
sulcant  of  a  compound  motion  of  the  two  cars 
acting  crosswise  to  each  other  together  with 
the  perpendicular  motion  of  the  lifting-rope 
connected  with  the  block  and  tackle.  It  seems 
like  a  thing  endowed  with  human  reason,  when 
we  see  it  move  off  to  a  distant  part  of  the 
building,  reach  down  and  pick  up  a  piece  of 
metal  weighing  several  tons,  carry  it  to  some 
other  portion  of  the  building  and  lower  it  into 
place,  to  the  fraction  of  an  inch.  While  the 
machine  itself  does  not  reason,  there  is  a  rea- 
soning being  at  the  helm,  who  controls  it  and 
makes  it  subservient  to  his  will.  The  machine 
is  to  the  engineer  who  manipulates  it  what  a 
man^s  brain  is  to  the  man  himself.  The  brain 
is  the  instrument  through  which  the  unseen 
man  expresses  his  will  and  impresses  his  work 
upon  men  and  things  in  the  visible  world. 


CHAPTER  XXIV. 


NIAGARA  FALLS  POWER — APPLIANCES. 

In  the  last  chapter  I  described  some  of  the 
appliances  used  in  connection  with  the  power- 
house.   There  are  many  things  that  are  com- 
monplace as  electrical  appliances  when  used 
with  currents  of  low  voltage  and  small  quan- 
tity, that  become  extremely  interesting  when 
constructed  for  the  purpose  of  handling  such 
currents   as   are   developed   by   the   dynamos 
used  at  Niagara.    For  instance,  it  is  a  very 
commonplace  and  simple  thing  to  break  and 
close  a  circuit  carrying  such  a  current  as  is 
used  for  ordinary  telegraphic  purposes,  but 
it   requires   quite   a   complicated   and   scien- 
tifically constructed  device  to  handle  currents 
of  large  volume  and  great  pressure.    If  such  a 
current  as  is  generated  by  a  dynamo  giving 
out  5000  horse-power  under  a  pressure  of  2200 
volts  should  be  broken  at  a  single  point  in  a 
conductor,  there  would  be  a  flash  Knd  a  report, 
attended  with  such  a  degree  of  heat  and  such 
power  for  disintegration  that  it  would  destroy 
the  instrument. 
The  circuit-breckers  used  at  Niagara  ar? 
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constructed  with  a  very  large  number  of  con- 
tacts made  of  metal  sleeves,  or  tubes,  say  one 
inch  in  diameter,  so  constructed  that  one  will 
slide  within  the  other ;  the  sleeves  being  slotted 
so  as  to  give  them  a  little  spring  that  secures 
a  firm  contact.  These  are  all  connected  to- 
gether electrically,  on  each  half  of  the  switch, 
as  one  conductor,  so  that  when  the  switch  is 
closed  the  current  is  divided  into  as  many 
parts  as  there  are  points  of  contact  in  the 
switch.  Suppose  there  are  100  of  these  con- 
tact-points, a  one-hundredth  part  of  the  cur- 
rent would  be  flowing  through  each  one  of 
them.  If,  now,  these  points  are  so  arranged 
that  they  can  be  all  simultaneously  separated, 
the  spark  that  will  occur  at  each  break  will  be 
very  small  as  compared  with  what  it  would  be 
if  the  whole  current  were  flowing  through  a 
single  point,  and  it  would  be  so  small  that 
there  would  be  no  danger  attending  the  open- 
ing of  the  switch.  These  switches  are  care- 
fully guarded,  being  boxed  in  and  under  the 
control  of  a  single  individual. 

There  is  another  apparatus  that  is  a  neces- 
sary part  of  every  manufacturing  or  other 
kind  of  plant  that  uses  electricity  from  this 
power-house,  and  this  is  called  the  transformer. 
Many  of  you  are  familiar  with  the  box-shaped 
apparatus  that  is  used  in  connection  with 
electric  lighting  when  the  alternating  current 
is  vsed.    Where  simply  heating  effects  ar?  re- 
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quired,  such  as  in  electric  lighting,  for  in- 
stance, the  alternating  current  can  be  used  to 
greater  advantage  than  the  direct  current 
when  it  has  to  be  carried  to  some  distance, 
owing  to  the  fact  that  it  may  be  a  current  of 
high  voltage.  A  greater  amount  can  be  car- 
ried through  a  small  conductor;  thus  greatly 
reducing  the  cost  of  an  electrical  plant  that 
distributes  power  to  a  distance.  A  transformer 
is  an  apparatus  that  changes  the  current  from 
one  voltage  to  another. 

^  In  the  ordinary  electric-light  plant,  such  as 
IS  used  in  a  small  town  or  village,  the  current 
that  is  sent  out  from  the  power-station  has 
a  pressure  of  from  1000  to  1500  volts,  accord- 
ing to  the  distance  to  which  it  is  sent.     It 
would  not  do,  however,  for  the  current  to  enter 
a  dwelling  at  this  high  pressure,  because  it  is 
dangerous  to  handle,  and  the  liability  to  fires 
ojiginating  from  the  current  would  be  greatly 
increased.    At  some  point,  therefore,  outside 
of  the  building,  and  not  a  great  distance  from 
it,  a  transformer  is  inserted  which  changes 
the  voltage,  say,  from  1000  down  to  60  or  100, 
according  to  the  kind  of  lamps  used.     Some 
lamps  are  constructed  to  be  used  with  a  cur- 
rent of  fifty  volts  and  others  for  100  or  more. 
The  lamp  must  always  be  adapted  to  the  cur- 
rent or  the  current  to  the  lamp,  as  you  choose. 
The  human  body  may  be  placed  in  a  circuit 
yfh^TQ  such  low  voltage  is  used  without  dan- 
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ger,  but  it  would  be  exceedingly  dangerous  to 
be  put  in  contact  with  a  pressure  of  1000  or 
more  volts,  such  as  is  used  for  lighting  pur- 
poses. 

In  principle  the  transformer  is  nothing 
more  or  less  than  an  induction-coil  on  a  very 
large  scale.  The  ordinary  induction-coil,  such 
as  is  used  for  medical  purposes,  is  ordinarily 
constructed  by  winding  a  coarse  wire  around 
an  iron  core.  This  core  is  usually  made  of  a 
bundle  of  soft  iron  wires,  because  the  wires 
more  readily  magnetize  and  demagnetize  than 
a  solid  iron  core  would.  Around  this  coil  of 
coarse  wire,  which  we  call  the  primary  coil,  is 
wound  a  secondary  coil  of  finer  wire.  If  now 
a  battery  is  connected  with  the  primary  coil, 
which  is  made  of  the  coarse  wire,  and  the  cir- 
cuit is  interrupted  by  some  sort  of  mechan- 
ical circuit-breaker,  each  time  the  primary  or 
battery  circuit  is  opened  there  will  be  a  mo- 
mentary impulse  in  the  secondary  circuit  of  a 
much  higher  voltage ;  and  at  the  moment  the 
primary  circuit  is  closed  there  will  be  another 
impulse  in  this  secondary  circuit  in  the  oppo- 
site direction.  The  latter  impulse  is  called 
the  initial  and  the  former  the  terminal  im- 
pulse. A  current  created  in  this  manner  is 
called  an  induced  current.  The  initial  current 
is  not  so  strong  as  the  terminal  in  this  par- 
ticular arrangement. 

If  we  should  take  hold  of  the  two  wires  con- 
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iiected  with  th^  two  poles  of  the  battery  and 
bring  them  together  so  as  to  close  the  cTrcJt 
and  then  separate  them  so  as  to  break  it  we 
should  scarcely  feel  any  sensation~if  theTe 
were  only  one  or  two  cells,  such  as  are  ordi- 
narily used  with  such  coils,  y  But  if  we  con- 
nect  these  wires  to  the  coils  of  the  induction 
apparatus  and  then  take  hold  of  the  two  ends 
of  the  secondary  coil  and  break  and  close  the 

at  rr  ^T  ^'!  '^""^^  ^''^  «  P«i"f"l  shock 
nlnn  ^  f^^  ^""^  ']"'"'  ^^*^^"^*^  tl^e  actual 
amount  of  current  flowing  through  the  sec- 
ondary wire  IS  not  as  great  as  that  which  flows 

hrough  the  primary;  but  the  voltage  (or  ele^! 

romotive  force)  is  higher,  and  thus  is  able 
to  drive  what  current  there  is  through  a  con- 
ductor  of  higher  resistance,  such  as  the  human 
body  For  this  reason  there  is  more  current 
forced  through  the  body,  which  is  a  poor  con- 

which  has  a  lower  voltage.  If  now  we  should 
take  a  battery  of  a  number  of  cells,  so  as  to 
get  a  voltage  equal  to  that  given  off  by  the 
secondary  coil,  and  connect  it  with  the  fine! 
wire  coil  instead  of  the  coarse-wire  coil-thus 
making  what  was  before  the  secondary  coil  the 
primary-by  breaking  and  closing  the  battery 
circuit  as  before  we  shall  get  a  secondary  or 
induced  current  in  the  coarse-wire  coil,  but  it 
will  be  a  current,  of  low  voltage,  and  will  not 
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produce  the  painful  sensation  that  the  seC' 
ondary  coil  did. 

We  have  now  described  the  principle  of  k 
transformer  as  it  is  worked  out  in  an  ordi' 
nary  induction-roil.     As  has  been  stated,  at 
Niagara   Falls   the  current   comes   from   the 
dynamos  with  an  electromotive  force  or  pres- 
sure of  2200  volts.     For  some  purposes  this 
7oltage  is  not  high  enough,  and  for  other  pur- 
poses it  is  too  high;    therefore  it  has  to  be 
transformed  before  it  is  used.    For  some  pur- 
poses this  transformation  takes  place  in  the 
power-house,  and  for  others  it  takes  place  at 
the  establishment  where  it  is  used.     For  in- 
stance, take  the  current  that  is  sent  to  Buffalo, 
a  distance  of  from  twenty  to  thirty  miles.  The 
current  first  runs  to  a  transformer  connected 
with  tho  power-house,  where  it  is  "stepped- 
up  "  (to   ise  the  parlance  of  the  craft)  from  a 
voltage  of  2200  to  10,000.     It  is  carried  to 
Buffalo    through    wire    conductors    that    are 
strung  on  poles,  and  is  there  "  steppe  d -down  " 
again  through  another  transformer  to  the  volt- 
age required  for  use  at  that  place.    The  object 
of  raising  the  voltage  from  2200  to  10,000  in 
this  case  is    .  save  money  in  the  construction 
of  the  line     "   e^ndoctors  between  the  two 
points.    If  ihh    ^i.m^  were  left  at  2200— the 
conductors  rfsm^-^^^ug  the  ;^pme  as  they  are 
now— the  loba  m    ransmission  would  be  very 
great,  owing  to  the  resistance  which  these 
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wires  wouW  offer  to  a  current  of  such  corn- 
pan)  tively  low  voltage  as  2200.  To  overcome 
Una  difficulty— if  the  voltage  is  not  increased 
—It  would  be  necessary  to  use  conductors  that 
are  very  much  larger  in  cross-section  (thicker) 
than  the  present  ones  are.  And  as  these  con- 
ductors are  made  of  copper  the  expense  would 
be  too  great  to  admit  of  any  profit  to  the  com- 
pany. 

If  we  go  back  to  an  illustration  we  used  in 
one  of  the  early  chapters  on  electricity  we  can 
better  explain  what  takes  place  by  increasing 
the  voltage.     If  we  have  a  column  of  water 
kept  at  a  level  say  of  ten  feet  above  a  hole 
where  it  discharges,  that  is  one  inch  in  diam- 
eter, a  certain  definite  amount  of  water  will 
discharge  there  each  minute.    If  now  we  sub- 
stitute for  the  hole  that  is  one  inch  in  diam- 
eter one  that  is  only  one-half  inch  in  diameter 
a  very  much  smaller  amount  of  water  will  dis- 
cbarge eacl>  minute,  if  the  head  is  kept  at  the 
Burnu  point— namely,  ten  feet.    But  if  now  we 
raise  the  column  of  water  we  shall  in  time 
reach  a  height  which  will  produce  a  pressure 
that  will  cause  as  much  water  to  discharge 
per  minute  through  the  one  half-inch  hole  as 
before  discharged  through  the  one-inch  hole 
with  only  the  pressure  of  a  ten-foot  column. 
This  IS  exactly  what  takes  place  when  the  volt- 
age is  «stepped-up,"  which  is  equivalent  to  an 
increase  of  pressure. 
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It  will  be  seen  from  the  foregoing  that  these 
transformers  have  to  be  made  with  reference 
to  the  use  the  current  is  to  be  put  to.    In  gen- 
eral shape  they  are  alike  in  appearance,  the 
difference  being  chiefly  in  the  relation  the  pri- 
mary sustains  to  the  secondary  coils.     There 
is  another  kind  of  transformer  that  is  used 
when  it  is  necessary  to  have  the  current  always 
running  in  the  same  direction.     This  trans- 
former,   as    heretofore    explained,    does    not 
change  the  voltage  of  the  current,  but  simply 
transforms  what  was  an  alternating  into  a  di- 
rect current.    By  alternating  current  we  mean 
one  that  is  made  up  of  impulses  of  alternat- 
ing polarity— first  a  positive  and  then  a  nega- 
tive. The  direct  current  is  one  whose  impulses 
are  all  of  one  polarity.    The  direct  current  is 
required  for  all  purposes  where  electrolysis 
(chemical  decomposition  by  electricity,  as  of 
silver  for  silver-plating,  etc.)  is  a  part  of  the 
process.    The  alternating  current  may  be  used 
without  transformation  in  all  processes  where 
heat  is  the  chief  factor.     For  motive  power 
either  current  may  be  used,  only  the  electro- 
motors have  to  be  constructed  with  reference 
to  the  kind  of  current  that  is  used. 

The  rotary  transformer,  which  may  be 
driven  by  any  power,  consists  of  a  wheel  car- 
rying a  rotating  commutator  so  arranged  with 
reference  to  brushes  that  deliver  the  cnrrent 
to  the  commutator  and  carry  it  away  from 
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the  same,  that  the  brushes  leading  out  from  the 
transformer  will  always  have  impulses  of  the 
same  polarity  delivered  to  them.    In  the  par- 
lance of  the  craft,  the  transformers  that  are 
used  to  change  the  voltage  from  high  to  low, 
or  vice  versa,  are  called  "static  transformers," 
simply  because  they  are  stationary,  we  suppose. 
The  others  are  called  rotary,  or  moving  trans- 
formers, to  distinguish  them  from  the  other 
forms.    The  operation  of  the  latter  is  purely 
mechanical,  while  the  former  is  electrical.    In 
some  instances  where  the  static  transformers 
are  very  large  they  develop  a  great  amount  of 
heat,  so  much  that  it  is  necessary  to  devise 
means  for  dissipating  it  as  fast  as  created. 
In  some  instances  this  is  done  by  air-currents 
forced  through  them,  but  in  others,  where  they 
are  very  large,  oil  is  kept  circulating  through 
the  transformer  from  a  tank  that  is  elevated 
above  it,  the  oil  being  pumped  back  by  a  ro- 
tary pump  into  the  tank  where  it  is  cooled 
by  a  coil  of  pipe  located  in  the  oil,  through 
which  cold  water  is  continually  circulating. 
By  this  means  cold  oil  is  constantly  flowing 
down  through  the  transformer,  where  it  ab- 
sorbs the  heat,  which  in  turn  is  pumped  back 
into  the  tank,  where  it  is  cooled. 

Having  now  traced. the  energy  from  the 
water-wheel  through  the  various  transforma- 
tions and  having  described  in  a  very  general 
way  the  apparatus  both  for  generating  elec- 
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tricity  and  for  transforming  it  to  the  right 
voltage  necessary  for  the  various  uses  to  which 
it  is  put,  we  will  proceed  in  our  next  chapter 
to  follow  it  out  to  the  points  where  it  is  deliv- 
ered, and  trace  it  through  its  processes,  and 
the  part  it  plays  in  creating  the  products  of 
these  various  commercial  establishments. 


CHAPTER  XXV. 


ELECTRICAL  PRODUCTS — CARBORUNDUM. 

The  production  of  electricity  in  such  enor- 
tnous  quantities  as  are  generated  at  Niagara 
Falls  has  led  to  many  discoveries  and  will  lead 
to  many  more.    Products  that  at  one  time  ex- 
isted only  in  the  chemical  laboratory  for  ex- 
perimental purposes,  have  been  so  cheapened  by 
utilizing  electrical  energy  in  their  manufact- 
ure, as  to  bring  them  into  the  play  of  every- 
day life.    Still  other  products  have  only  been 
discovered  since  the  advent  of  heavy  electrical 
currents.     A  substance  called   carborundum, 
which  was  discovered  as  late  as  1891,  has  now 
become  the  basis  of  an  industry  of  no  small 
importance.    It  is  a  substance  not  unlike  a 
diamond  in  hardness,  and  not  very  unlike  it  in 
its  composition.    The  chief  use  to  which  it  is 
put  is  for  grinding  metals  and  all  sorts  of 
abrasive    work.     It    is    manufactured    into 
wheels,  in  structure  like  the  emery-wheel,  and 
^3erves  the  same  purpose.    It  is  much  more  ex- 
Ipensiye  than  the  emery-wheel,  but  it  is  claimed 
that  it  will  do  enough  more  and  better  work 
•to  make  it  fully  as  economical. 
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It  was  my  pleasure  and  privilege  to  visit 
the  factory  at  Niagara  Falls,  and  through 
the  courtesy  of  Mr.  Fitzgerald,  the  chemist  in 
charge  of  the  works,  I  learned  much  of  the 
manufacture  and  use  of  carborundum.  The 
crude  materials  used  in  the  manufacture  of 
carborundum  are,  sand,  coke,  sawdust  and 
salt;  the  compound  is  a  combination  of  coke 
and  sand.  It  combines  at  a  very  high  heat, 
such  as  can  be  had  only  from  electricity. 
When  cooled  down  the  product  forms  into 
beautiful  crystals  with  iridescent  colors.  The 
predominating  colors  are  blue  and  green,  and 
yet  when  subjected  to  sunlight  it  shows  all 
the  colors  of  the  solar  spectrum  to  a  greater  or 
less  degree.  The  crystals  form  into  hexagonal 
shapes,  and  sometimes  they  are  quite  large, 
from  a  quarter  to  a  half  inch  on  a  side.  The 
salt  does  not  enter  into  the  product  as  a  part 
of  the  compound,  neither  does  the  sawdust. 
The  salt  acts  as  r  flux  to  facilitate  the  union 
of  the  silica  and  carbon.  The  sawdust  is  put 
into  the  mixture  to  render  it  porous  so  that 
the  gases  that  are  formed  by  the  enormous 
heat  can  readily  pass  off,  thus  preventing  a 
dangerous  explosion  that  might  otherwise 
occur.  In  fact,  these  explosions  have  occurred, 
which  led  to  the  necessity  of  devising  some 
means  for  the  ready  escape  of  the  gases. 

The  process  of  manufacture  as  it  is  carried 
on  at  Niagara  is  interesting.    The  visitor  is 
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first  taken  into  the  rooms  where  are  stored  the 
crude  material,  the  sand,  coke,  sawdust  and 
salt.  The  sand  '3  of  the  finest  quality  and 
very  white.  The  coke  is  first  crushed  and 
screened,  the  part  which  is  reduced  to  suffi- 
cient fineness  is  mixed  by  machinery  with  the 
right  proportion  of  sand,  salt  and  sawdust. 
The  coarser  pieces  of  coke  are  used  for  what 
is  called  the  core  of  the  furnace,  which  will  be 
described  later  on. 

This  mixture  is  carried  to  the  furnace- 
room,  which  has  a  capacity  for  ten  furnaces, 
but  not  all  of  these  will  be  found  in  operation 
at  one  time.  Here  the  workmen  will  be  taking 
the  manufactured  material  from  a  furnace 
that  has  been  completed,  and  there  another 
furnace  is  in  process  of  construction,  while  a 
third  is  under  full  heat,  so  that  one  sees  the 
whole  process  at  a  glance.  These  furnaces  are 
built  of  brick,  about  sixteen  feet  in  length  and 
about  five  feet  in  width  and  depth.  The  ends 
and  bed  of  the  furnace  are  built  of  brick,  and 
might  be  called  stationary  structures.  The 
sides  are  also  built  of  brick  laid  up  loosely 
without  mortar;  each  time  the  material  is 
placed  in  the  furnace,  and  each  time  the  fur- 
nace is  emptied,  the  side-walls  are  taken 
down. 

A  furnace  is  made  ready  for  firing  by 
placing  a  mass  of  the  mixture  on  the  bottom, 
and  building  the  sides   up  about  four  feet 
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high  (or  half  the  height  when  it  shall  be  com- 
pleted).    A  trough,  about  twenty  or  twenty- 
one  inches  wide  and  half  as  deep,  is  scooped 
out  the  whole  length  of  the  pulverized  stuff, 
and  in  this  is  placed  what  has  before  been  re- 
ferred to  as  the  core  of  the  furnace,  namely, 
pure  coke  broken  into  small  pieces,  but  not 
pulverized,  as  in  the  case  of  the  other  mixture. 
The  amount  used  is  carefully  weighed,  so  as 
to  have  the- core  the  proper  size  that  experi- 
ment has  proved  to  give  the  best  results.  The 
core  is  filled  in  and  rounded  over  till  it  is  in 
circular  form,  being  about  twenty-one  inches 
in  diameter.    At  each  end  of  the  furnace  the 
core  connects  with  a  number  of  carbon  rods— 
about  sixty  in  all— that  are  thirty  inches  long 
and  three  inches  in  diameter.     These  carbon 
rods  are  connected  with  a  solid  iron  frame  that 
stands  flush  with  the  outer  end  of  the  fur- 
nace.    On  the  inside  the  spaces  between  the 
rods   are  packed  full  of  graphite,  which  is 
simply  carbon  or  coke  with  all  the  impurities 
driven  out,  so  as  to  make  good  electrical  con- 
nections with  the  core.    This  core  corresponds, 
electrically  speaking,  to  the  filament  in  an  or- 
dinary incandescent  lamp,  only  it  is  fourteen 
feet  long  and  twenty-one  inches  in  diameter. 
The  mixed  material  is  now  piled  up  over  this 
core,  and  the  walls  at  the  sides  are  built  up 
until  the  whole  structure  stands  about  eight 
feet  from  the  floor— a  mass  of  the  fine  pulver- 
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jzed  mixture,  with  a  core  of  broken  coke  elec- 
trically connected  at  the  ends.  It  is  now 
ready  for  the  application  of  electricity,  which 
completes  the  work. 

Let  us  go  back  to  the  transformer-room  and 
examine  the  electrical  appliances  that  bring 
the  current  down  to  a  proper  voltage  to  pro- 
duce the  heat  necessary  to  cause  a  union  be- 
tween the  silica  of  the  sand  and  the  carbon  of 
the  coke,  which  results  in  the  beautiful  car- 
borundum crystals  that  we  have  heretofore  de- 
scribed. 

The  current  is  delivered  from  the  Niagara 
Power  Company  under  a  pressure  of  2200 
volts.  The  conductors  run  first  into  the  trans- 
former-room, which  adjoins  the  furnace-room, 
and  is  there  transformed  down  from  2200  volts 
to  an  average  of  about  200  volts.  The  trans- 
formers at  these  works  have  a  capacity  of 
about  1100  horse-power.  About  4  per  cent 
of  this  power  is  converted  into  heat  in  the 
process  of  -"-ansformation,  making  a  loss  in 
electrical  energy  of  a  little  over  40  horse- 
power. This  heat  would  be  sufficient  to  de- 
stroy the  transformer  if  some  arrangement 
were  not  provided  to  carry  it  off.  We  have  al- 
ready described  how  this  is  done  through  the 
medium  of  a  circulation  of  oil.  Because  of  the 
low  voltage  and  enormous  quantity  of  the  cur- 
rent passing  from  the  transformer  to  the  fur- 
nace very  large  conductors  are  required.    The 


|i  i; 


214 


l^ature'd  /biractea. 


two  conductors  running  to  the  furnace  have  a 
cross-aection  of  eight  square  inches,  and  this 
enormous  current,  representing  over  1000 
horse-power,  is  passed  through  the  core  of  the 
furnace,  and  is  kept  running  through  it  con- 
stantly for  a  period  of  twenty-four  to  thirty- 
six  hours. 

Let  us  consider  for  a  moment  what  1000 
horse-power  means;  as  this  will  give  us  some 
conception  of  the  enormous  energy  expended 
in  producing  carborundum.  A  horse-power  is 
supposed  to  be  the  force  that  one  horse  can 
exert  in  pulling  a  load,  and  this  is  the  "lit  of 
power.  However,  a  horse-power  as  arbitrarily 
fixed  is  about  one-quarter  greater  than  the 
average  real  horse-power.  If  1000  horses  were 
hitched  up  in  series,  one  in  front  of  the  other, 
and  each  horse  should  occupy  the  space  of 
twelve  feet,  say,  it  would  make  a  line  of  horses 
12,000  feet  long,  which  would  be  something 
over  two  miles.  Imagine  the  load  that  a  string 
of  horses  two  miles  long  could  draw,  if  all  were 
pulling  together,  and  you  will  get  something 
of  an  idea  of  the  energy  expended  during  the 
burning  of  one  of  these  carborundum. furnaces. 

Within  a  half  hour  after  the  current  is 
turned  on  a  gas  begins  to  be  emitted  from  the 
sides  and  top  of  the  furnace,  and  when  a  match 
is  applied  to  it,  it  lights  and  burns  with  a 
bluish  flame  during  the  whole  process.  It  is 
estimated  that  over  five  and  one-half  tons  of 
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this  gas  is  thrown  off  during  the  burning  of  a 
single   furnace.     This   gas   is   called   carbon 
monoxide,  and  is  caused  by  the  carbon  of  the 
coke  uniting  with  the  oxygen  of  the  sand. 
When  we  consider  the  vast  amount  of  material 
that  comes  away  from  the  furnace  in  the  form 
of  gas  it  is  easy  to  see  why  it  is  necessary  to 
introduce  sawdust  or  some  equivalent  material 
into  the  mixture,  in  order  to  give  the  whole 
bulk  porosity,  so  that  the  gas  car  readily  es- 
cape.    We  should,  also  expect  that  after  five 
and  one-half  tons  had  been  taken  away  from 
the  whole  bulk  that  it  would  shrink  in  size. 
This  is  found  to  be  the  case.    The  top  of  the 
mass  of  material  sinks  down  to  a  considerable 
extent  by  the  end  of  the  time  it  has  been  ex- 
posed to  this  intense  heat.     Gradually,  after 
the  current  has  been  turned  on,  the  core  be- 
comes heated,  first  to  a  red,  and  afterwards  to 
an  intense  white  heat.    This  heat  is  communi- 
cated to  the  material  surrounding  the  core, 
producing    various    effects    in    the    different 
strata,  owing  to  the  fact  that  it  is  not  possible 
to  keep  a  uniform  heat  throughout  the  whole 
bulk  of  material.    Some  of  it  will  be  "over- 
done "  and  some  of  it  "  underdone."    The  ma- 
terial which  lies  immediately  in  contact  with 
the  core  will  be  overheated,  and  that,  which  at 
one  stage  was  carborundum,  has  become  dis- 
integrated by  overheating. 
The  silica  of  the  compound  has  been  driven 
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off,   leaving   a    shell    of   graphitic    substance 
formed  from  the  coke. 

After  the  current  is  shut  off  and  the  fur- 
nace has  cooled  down,  a  cross-section  through 
the  whole  mass  becomes  a  very  interesting 
study.  The  core  itself,  owing  to  the  intense 
heat  it  has  been  subjected  to,  has  had  the  im- 
purities driven  out  of  the  coke,  leaving  a  sub- 
stance like  black  lead,  that  will  make  a  marh; 
like  a  lead-pencil,  and  is  really  the  same  sub- 
stance, known  as  plumbago,  in  one  of  its 
forms.  It  is  the  carbon  left  after  the  impuri- 
ties have  been  driven  out  of  the  coke.  Sur- 
rounding the  core  for  a  distance  of  ten  or 
twelve  inches,  radiating  in  every  direction,, 
beautifully  colored  crystals  of  carborundum 
are  found,  so  that  a  single  furnace  will  yield 
over  4000  pounds  of  this  material.  Beyond 
this  point  the  heat  has  not  been  great  enough 
to  cause  the  union  between  the  carbon  and 
silica,  which  leaves  a  stratum  of  partly-formed 
carborundum;  outside  of  that  the  mixture  is 
found  to  be  unchanged. 

These  carborundum  crystals  are  next  crushed 
under  rollers  of  enormous  weight,  after  which 
the  crushed  material  is  separated  into  various 
grades  for  use  in  making  grinding-wheels  of 
different  degrees  of  fineness.  This  crushed  ma- 
terial is  now  mixed  with  certain  kinds  of  clay, 
to  hold  it  together,  and  then  pressed  into 
wheels  of  various  sizes  in  a  hydraulic  press, 
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and  afterward  carried  into  kilns  and  burned 
the  same  as  ordinary  pottery  or  porcelain. 
Ihese  wheels  vary  in  size  from  one  to  sixteen 
inches.  The  substances  used  as  a  bond  in 
manufacturing  wheels  are  kaolin,  a  kind  of 
clay,  and  feldspar. 

While   carborundum    has    already   a   large 
place  as  a  commercial  product,  there  is  no 
doubt  but  that  the  uses  to  which  it  will  be 
put  will  vastly  increase  as  time  goes  on.    This 
product  may  be  called  an  artificial  one,  and 
never  would  have  been  known  had  it  not  been 
for  the  intense  heating  eflfects  that  are  ob- 
tained from  the  use  of  electricity.    It  certainly 
never  could  have  been  brought  into  play  as 
one  of  the  useful  agencies  in  manufacturing 
and  the  arts.    It  is  not  known  to  exist  as  a 
natural  product,  which  at  first  thought  would 
seem  a  little  strange  in  view  of  the  evidences 
of  intense  heat  that  at  one  time  existed  in  the 
earth.    Its  absence  in  nature  is  explained  by 
Mr.  Fitzgerald  by  the  fact  that  "  the  tempera- 
tures of  formation  and  of  decomposition  lie 
very  close  together." 
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CHAPTER  XXVI. 

ELECTRICAL  PRODUCTS — BLEACHING-POWDER. 

Another  industry  that  has  assumed  large 
proportions  at  Niagara  Falls,  owing  to  the  vast 
quantity  of  'electricity  produced  there,  is  the 
manufacture  of  a  commercial  product  called 
bleaching-powder,  or  chloride  of  lime.  Every 
one  knows  that  chloride  of  sodium  is  simply 
common  salt,  so  extensively  used  wherever 
people  and  animals  exist.  Simple  and  harmless 
as  it  is,  while  it  exists  as  a  compound  of  the 
original  elements,  when  separated  into  those 
elements  they  are  each  very  unpleasant  and 
even  dangerous  substances  to  handle.  Salt  is 
one  of  the  most  common  substances  in  nature. 
It  is  found  in  many  parts  of  the  world  in  solid 
beds,  and  is  one  of  the  prominent  constituents 
of  sea-water. 

Salt  is  a  compound  of  chlorine  and  a  metal 
called  sodium.  Sodium  in  its  pure  state  has  a 
strong  affinity  for  oxygen,  so  much  so  that 
when  a  lump  of  it  is  thrown  into  water  it  takes 
fire  and  burns  violently  with  a  yellow  flame. 
Chlorine,  the  substance  with  which  it  unites 
to  form  common  salt,  is  a  greenish-colored  gas, 
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the  fumes  of  which  are  very  offensive  and 
very  dangerous  even  to  breathe,  if  the  quan- 
tity is  very  considerable. 

It  is  a  curious  fact  in  nature  that  two  such 
substances  as  chlorine  and  sodium,  both  of 
them  so   difficult   and   dangerous  to   handle, 
should  unite  together  to  form  such  a  useful 
and  harmless  compound  as  common  salt.    The 
important  element  in  bleaohing-powder  is  the 
chlorine  which  it  contains.     It  is  extensively 
used  in  the  manufacture  of  paper  and  in  all 
other  materials  where  bleaching  is  required. 
The  object  of  combining  it  with  lime,  forming 
a  chloride  of  lime,  is  simply  to  have  a  con- 
venient method  of  holding  the.  chlorine  in  a 
safe  and  convenient  manner  until  it  is  needed 
for  use. 

The  chemical  works  at  Niagara  Falls  manu- 
facture bleaching-powder  on  a  very  large 
scale.  The  part  that  electricity  plays  is  to 
separate  the  chlorine  from  the  sodium  as  it 
exists  in  common  salt.  At  the  works  I  was 
first  taken  into  a  room  where  a  large  quantity 
of  salt  was  stored.  A  belt  with  little  carrier- 
buckets  on  it  picked  up  this  salt  and  carried  it 
into  another  room,  where  it  was  thrown  into 
a  vast  mixing-vat  containing  water.  The  salt 
was  mixed  with  water  until  a  saturated  solu- 
tion was  obtained.  In  a  large  room,  covering 
one-half  acre  or  more  of  ground,  were  as- 
sembled a  great  ?iunjber  of  shallow  vessels^ 
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about  4  by  5  feet  square  and  1  foot  deep, 
These  vessels  were  sealed  up  so  that  they  were 
gas-tight.     Communicating  with  all  of  these 
vessels  were  pipes  connecting  with  the  great 
tank  containing  the  saturated  solution  of  salt 
From  the  top  or  cover  of  each  vessel  is  a 
pipe  running  to  a  main  pipe  that  carries  off 
the  chlorine  gas  into  another  room  as  fast  as 
it  is  formed.    Through  each  one  of  these  ves- 
sels a  current  of  electricity  passes ;   the  whole 
system   consuming   about    2000   horse-power, 
The  electric  current,  as  it  passes  through  the 
brine,  separates  the  chlorine  from  the  sodium, 
the  chlorine  passing  in  the  form  of  gas  up 
through  the  pipes,  before  mentioned,  into  thei 
main  pipe,  where  it  is  carried  into  another 
large  room  and  discharged  into  a  system  of. 
gas-tight  chambers.    Upon  the  floor  of  these 
chambers  is  spread  a  coating  of  unslacked 
lime  ground  into  a  fine  powder.    The  lime  has 
a  strong   affinity   for   the   chlorine  gas   and, 
rapidly  absorbs  it,  forming  chloride  of  lime. 
When  the  lime  is  fully  saturated  with  the 
chlorine  the  gas  is  turned  off  from  that  cham- 
ber, which  is  then  opened  up  and  the  chloride 
taken  out  for  shipment.     A  new  coating  of 
lime  is  now  spread  in  the  chamber  and  the  gas 
is  turned  on  and  the  process  repeated. 

There  are  a  number  of  these  chambers,  so 
that  the  operation  in  all  of  its  phases  is  goinp 
on  continuously.     The  rooin  where  the  chlo- 
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rine  gas  is  formed  is  thoroughly  ventilated,  a 
precaution  which  is  very  necessary  in  case  any 
one  of  the  vats  should  spring  a  leak,  as  they 
sometimes  do.  '" 

In  each  one  of  these  vats  where  the  elec- 
trolytic process   is  going  on   there   are   two 
products  constantly  passing  oflF;    one,  as  be- 
fore mentioned,  is  chlorine  gas,  and  the  other 
caustic  soda  m  solution.    The  solution  in  the 
vat  IS  constantly  being  renewed  by  the  sat- 
urated solution  of  salt  from  the  reservoir  be- 
fore mentioned.    There  is  one  stream  contin- 
uously coming  into  the  vat  and  two  going  out 
caused  by  the  decomposing  power  of  the  elec- 
tric current     The  solution  of  caustic  soda  is 
carried  to  large  evaporating-pans,  where  the 
water  IS  driven  out  of  it,  leaving  the  caustic 
soda  m  dry,  white  sticks  of  crystalline  forma- 
tion.    In   this   process   the   electric   current, 
which  comes  from  the  power-house  with  an 
energy  of  2000  horse-power,  has  to  be  trans- 
fonned  twice;   first,  to  bring  it  to  the  proper 
voltage  for  the  work  of  decomposition,  and 
secondly,  to  change  it  from  an  alternating  to 
a  direct  current,  by  which  all  electrolytic  proc- 
esses are  carried  on. 

You  will  notice  that  the  electrical  energy 
expended  m  this  establishment  is  double  that 
used  m  the  manufacture  of  carborundum. 

The  caustic  soda,  which  is  one  of  the  prod- 
ucts from  the  decomposition  of  salt,  is  taken 
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to  another  establishment,  where,  by  still  an- 
other electrical  process,  metallic  sodium  is 
manufactured.  The  process  here  being  a 
secret  one,  the  writer  did  not  have  the  priv- 
ilege of  examining  the  details. 


CHAPTER  XXVn. 

ELECTRICAL   PRODUCTS — ^ALUMINUM. 

Another  comparatively  new  article  of  manu- 
facture now  produced  in  large  quantities  at 
Niagara  Falls  is  aluminum.  Until  within  the 
last  few  years  this  metal  was  not  used  to  any 
extent  by  manufacturers,  because  of  the  great 
expense  attending  its  production.  Now,  how- 
ever, it  is  produced  in  such  quantities  as  to 
make  it  about  as  cheap  as  brass,  bulk  for  bulk. 
Aluminum  is  a  very  light  metal,  with  a  color 
somewhat  lighter  than  silver;  its  specific 
gravity  being  about  one-third  that  of  iron. 
Aluminum  is  found  in  one  of  its  compounds 
in  great  quantities  in  nature,  especially  in  cer- 
tain kinds  of  clay  and  in  a  state  of  silicate,  as 

•  in  feldspar  and  its  associated  minerals.  It  is 
found  in  great  quantities  in  southern  Georgia, 
where  it  is  mixed  with  the  red  oxide  of  iron 
that  abounds  in  that  region.  Here,  it  exists 
as  alumina,  which  is  an  oxide  of  aluminum. 
Before  it  is  taken  to  the  reduction-works  the 
alumina  is  separated  from  all  other  sub- 
stances.   It  is  a  white  powder,  tasteless,  and 

not  easily  acted  upon  by  acids. 
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Electricity  is  the  chief  agent  in  the  produc- 
tion of  metallic  aluminum.  The  reduction 
company  buys  this  alumina,  which  has  been 
separated  from  the  clay  or  ores  where  it  is 
mined.  In  a  large  room  there  are  located  a 
great  number  of  iron  vats  or  crucibles,  lined 
with  carbon,  about  two  or  two  and  one-half 
feet  deep,  five  or  six  feet  long  and  four  feet 
wide. 

Immediately  over  each  vat  is  constructed  a 
metal  framework,  through  which  are  inserted 
a  large  number  of  carbon  rods  about  eighteen 
or  twenty  inches  long  and  from  two  to  two 
and  0ii8-half  inches  in  diameter.  This  frame- 
wo.'k  is  electrically  insulated  from  the  iron 
crucibles.  The  framework  and  the  carbons 
are  connected  with  the  positive  conductor  of 
the  electric  current,  and  the  vat  or  crucible 
with  the  negative.  These  conductors  are  very 
large,  something  like  a  foot  in  width  and  an 
inch  in  thickness,  and  made  of  some  good  con- 
ductor of  electricity.  They  have  to  be  very 
large  because  they  carry  a  current  equal  to 
8050  horse-power.  The  current  is  one  of  great 
volume,  but  very  low  voltage;  the  electromo- 
tive force  at  each  vat  or  crucible  being  only 
about  seven  volts.  As  the  process  is  elec- 
trolytic, and  not  simply  a  heating  process,  the 
direct  current  must  be  used,  and  therefore  the 
current  coming  from  the  power-house  must 
be  transformed  twice;   first  to  bring  it  to  a 
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proper  voltage  and  secondly  to  change  it  from 
an  alternating  to  a  direct  current.  These 
iron  vats  or  crucibles  are  connected  up  in 
series,  electrically,  and  then  they  are  filled 
with  the  alumina  and  certain  other  materials, 
which  act  either  as  a  flux  or  as  a  means  of  in- 
creasing the  conductivity  of  the  mixture ;  just 
what  this  substance  is,  is  probably  one  of  the 
secrets  of  the  process.  When  all  of  the  cruci- 
bles are  filled  with  the  mixture  the  current  is 
turned  on  and  is  kept  on  continuously  night 
and  day  seven  days  in  the  week.  All  of  the 
material  in  the  different  crucibles  is  heated  to 
redness,  when  the  proesss  of  separation  takes 
place.  The  oxygen  of  the  alumina  is  thrown 
off  as  a  gas,  and  other  residuum  floats  to  the 
top  of  the  crucible  and  is  skimmed  off. 

Metallic  aluminum  in  a  melted  state  sinks 
to  the  bottom  of  the  cnicible,  where  it  is 
dipped  out  from  time  to  time  with  large  iron 
ladles  and  poured  into  sand  and  molded  into 
blocks  similar  to  that  of  pig  iron.  From  time 
to  time,  as  the  metal  is  dipped  out,  fresh 
alumina  with  the  other  substances  are  thrown 
in  on  top  of  the  crucible,  so  that  the  process  is 
continually  going  on,  day  and  night,  week  in 
and  week  out.  The  heat  in  the  process  of  re- 
ducing alumina,  as  we  have  before  seen,  is  not 
the  chief  factor ;  it  simply  serves  to  reduce  the 
compound  to  a  fluid  state  so  that  the  elec- 
trolytic action  can  readily  take  place. 
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Therefore  it  is  not  necessary  to  be  brought 
to  a  white  Lj  ,  aa  it  is  in  the  case  of  the  pro- 
duction of  carborundum,  described  elseWhere. 

It  was  extremely  interesting  to  observe  the 
wonderful  magnetic  effects  that  were  pro- 
duced in  iron  when  brought  into  proximity 
with  these  enormous  electrical  conductors. 
The  voltage  was  so  low  that  one  could  handle 
them  with  impunity.  The  iron  crucibles  be- 
came so  magnetic  that  a  heavy  bar  of  iron 
seven  or  eight  feet  long  would  cling  to  their 
sides,  so  that  it  would  be  held  in  an  upright 
position.  Bars  of  iron  would  cling  to  the  con- 
ductor at  any  point  along  its  length,  and,  al- 
though these  conductors  were  carrying  an 
energy  of  over  3000  horse-power,  they  pro- 
duced no  perceptible  effect  upon  the  human 
body.  The  reason  for  this  lies  in  the  fact, 
first,  that  the  body  is  not  made  of  magnetic 
material,  and,  secondly,  the  pressure  is  so  low 
that  the  body— being  a  poor  conductor— would 
not  easily  allow  the  low-pressure  current  to 
pass  through  it. 

Aluminum  is  fast  becoming  an  important 
article  of  commerce,  and  it  is  destined  to  be- 
come more  and  more  so  on  account  of  its  ex- 
treme lightness  as  compared  to  other  metals. 

It  is  found  to  be  valuable  also  when  used 
as  an  alloy  vnth  many  of  the  other  metds. 
One  of  the  great  drawbacks  to  its  more  ex- 
tensive use  liss  in  the  fact  that  as  yet  no  sat- 
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iafactory  method  has  been  devised  for  solder- 
ing It.  Undoubtedly  in  time  this  difficulty 
will  be  solved,  when  its  use  will  be  greatly  in- 
'  creased.  It  is  estimated  that  in  its  various 
compounds  aluminum  forms  about  one-twelfth 
of  the  crust  of  the    arth. 


CHAPTEK  XXVm. 


ELECTRICAL    PRODUCTS — CALCIUM    C.JIBIDE. 

Another  important  use  to  which  electricity 
is  put  at  Niagara  Falls  is  the  manufacture  of 
a  new  product,  called  calcium  carbide.  Like 
carborundum  and  aluminum,  this  product 
could  not  have  been  produced  in  commercial 
quantities  in  advance  of  a  means  for  pro- 
fiucing  electricity  in  enormous  volume. 

Calcium  carbide  is  a  compound  of  calcium 
and  carbon.     Calcium  is  a  white  metal  not 
found  in  the  natural  state,  but  exists  chiefly 
as  a  carbonate  of  lime,  which  is  ordinary  lime- 
stone, including  the  various  forms  of  marble. 
As  a  pure  metal  it  is  hard  to  obtain  and  very 
hard  to  maintain,  as  it  readily  oxidizes  when 
in  contact  with  the  air.    The  symbol  for  cal- 
cium carbide  is  CaCg,  which  means  that  a 
molecule  of  this  carbide  is  compounded  of  one 
atom  of  calcium  and  two  atoms  of  carbon. 
Ca  stands  for  calcium  and  C  for  carbon.  When 
the  symbol  has  no  figure  following  it,  it  means 
that  one  atom  only  enters  into  the  compound; 
but  if  a  figure  follows,  it  means  that  as  many 
atoms  enter  in  as  the  figure  represents. 
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The  process  of  manufacturing  calcium  car- 
bide  IS  as  follows:  Ordinary  lime  before  it  is 
slacked  IS  ground  to  a  fine  powder;  then  it  is 
mixed  with  powdered  coke  or  carbon  in  the 

unwr"1'''''u'^  *^"*  ^^^^  «  chemical 
union  takes  place  the  proportion  will  be  as  be- 
fore stated,  one  atom  of  calcium  to  two  of  car- 
bon. As  IS  well  known,  lime  is  procured  by 
exposing  ordinary  limestone  to  a  red  heat  for 
some  hours  together.  The  heat  disengages  the 
carbon  dioxide,  leaving  only  a  combinalon  of 
calcium  and  oxygen,  which  is  common  lime. 

Ihe  mixture  of  ground  lime  and  coke  is  put 
into  a  crucible  that  surrounds  the  arc  of  an 
electric  light  of  enormous  dimensions;  the  car- 
bon  conductors  amounting  to  an  area  of  one 
square  foot  or  more.  In  order  to  cause  the  car- 
bon to  unite  with  the  calcium  a  very  intense 
heat  IS  required,  such  a  heat  as  can  be  obtained 
only  m  the  arc  of  an  electric  light.    When  the 
enormous  current  is  turned  on  (amounting  to 
over  3000  horse-power)  the  mixtureTsmeUed' 
and  after  an  exposure  to  this  intense  heat  for 
a  given  length  of  time  the  oxygen  of  the  un- 
slacked  lime  is  th^^wn  off  and  the  carbon 
unites  with  the  calcium,  which  remains  in  the 
proportions  of  one  atom  of  calcium  to  two  of 
carbon  as  before  stated.  This,  it  will  be  noted, 
IS  purely  a  heat  process,  and  an  intense  one  at 
that.     No  electrolytic  action  being  required, 
the  alternating  ci  rrent  is  used  without  trans- 
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formation  to  the  direct  current,  as  is  necessary 
in  the  manufacture  of  bleaching-powder  and 
aluminum,  both  of  which  are  electrolytic  proc- 
esses. 

When  the  operation  is  completed  the  cur- 
rent is  turned  off  and  the  compound  allowed 
to  cool.    In  cooling  it  assumes  a  slate  color, 
which  is  slightly  iridescent  when  exposed  to 
light.    It  also  crystallizes  to  a  certain  extent. 
The  value  of  this  new  product  consists  in 
its  ability  to  evolve  Acetylene  gas  in  large 
quantities.     A  molecule  of  acetylene  gas  is 
composed  of  two  atoms  of  carbon  to  two  of 
hydrogen.     To  evolve  the  gas  it  is  necessary 
only  to  pour  water  upon  the  calcium  carbide, 
when  a  union  takes  place  between  the  carbon 
of  the  carbide  and  the  hydrogen  of  the  water 
in  the  proportions  above  stated.    If  there  is 
water  enough  the  whole  of  the  carbon  will  pass 
off  with  the  gas,  leaving  a  residuum  of  slacked 

lime.  .     . 

The  value  of  acetylene  gas  lies  m  its  very 
intense  illuminating  power.  This  is  due  to 
the  fact  that  the  gas  is  very  rich  in  carbon  as 
compared  with  other  illuminating  gases.  It 
bums  with  a  pure  white  light  when  properly 
mixed  with  air  or  oxygen,  but  if  there  is  a  lack 
of  air  it  bums  with  a  smoky  flame.  In  this 
case  the  carbon  is  not  all  consumed  and  es- 
capes into  the  air  in  the  form  of  soot  or  smoke, 
but  when  bumed  with  the  proper  mixture  of 
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oxygen  or  common  air  it  becomes  one  of  the 
most  brilliant  of  illuminants.  Acetylene,  like 
most  other  gases,  becomes  explosive  when 
mixed  with  air  in  certain  proportions.  Whether 
It  IS  more  dangerous  to  handle  than  ordinary 
lUummating  gases  the  writer  is  not  prepared 
to  say,  as  he  has  not  had  the  opportunity  to 
make  a  thorough  comparison  between  it  and 
other  gases  from  an  experimental  standpoint. 

Experiment,  after  all,  is  the  only  sure  road 
to  absolute  knowledge.  Theories  are  beautiful 
m  books  and  lectures,  but  they  often  fail  in 
the  laboratory. 

Acetylene  is  now  being  introduced  as  an 
illuminating  gas  for  domestic  and  other  pur- 
poses.    Several  methods  of  handling  it  have 
been  proposed.     One  is  to  condense  it  into 
strong  metal  cylinders  and  deliver  it  in  that 
form;    another  is  to  erect  generators  at  con- 
venient places  and  generate  the  gas  as  it  is 
used.    A  very  ingenious  contrivance  has  been 
invented  for  regulating  the  generation  of  the 
gas.    A  certain  amount  of  the  calcium  carbide 
is   placed    in    a   gas-tight   vessel   containing 
water.    As  soon  as  the  water  comes  in  contact 
vsrith  the  carbide  the  evolution  of  the  gas  be- 
gins.   When  the  pressure  on  the  inside  of  the 
vessel  has  reached  a  certain  degree  it  is  made, 
through  mechanical  contrivances,  to  lift  the 
carbide  out  of  the  water  and  thus  stop  the 
^volution  of  the  gas,    When  tjje  pressure  i§ 
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relieved  through  the  consumption  of  the  gas 
at  the  burners  it  allows  the  carbide  to  drop 
into  the  water,  when  the  evolution  of  the  gas 
begins  again. 

Of  course  there  is  the  same  objection  to  this 
mode  of  lighting  that  attends  all  open  burners ; 
it  is  constantly  discharging  into  the  air  the 
products  of  combustion,  chiefly  carbon  dioxide, 
which  is  poisonous  to  animal  life.  As  has 
been  explained  in  some  of  the  chapters  on 
heat,  in  \  olume  II,  the  illuminating  property 
of  any  gas  is  determined  by  the  number  of 
carbon  particles  that  are  contained  in  it,  which 
become  heated  to  incandescence  as  soon  as 
they  come  in  contact  with  the  oxygen  of  the 
air,  and  remain  so,  for  a  brief  period,  during 
their  passage  between  the  two  extremes  of  the 
flame.  While  acetylene  equals  electricity  in 
its  illuminating  properties,  the  latter  still 
stands  without  a  rival  when  considered  from 
a  sanitary  standpoint,  as  the  use  of  electricity 
does  not  in  any  degree  vitiate  the  air  in  a  room 
where  it  is  used. 

We  have  now  given  somewhat  in  detail  the 
following  processes  that  are  carried  on  at 
Niagara  Falls  through  the  agency  of  elec- 
tricity, viz. :  The  reduction  of  aluminum  from 
its  oxide  alumina;  the  production  of  the  new 
and  useful  compound  called  carborundum; 
the  formation  of  calcium  carbide  used  for  the 
production  of  acetylene  gas,  and  a  large  chen^- 
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ical  works,  where  blcaching-powder  is  made. 
In  addition  to  these  works,  there  is  an  estab- 
lishment for  the  production  of  sodium  from 
caustic  potash,  which  is  one  of  the  products 
arising  from  the  decomposition  of  salt  in  the 
bleaching-powder  works.   There  is  also  another 
estabhshmexit    for    the    production    of    phos- 
phorus made  from  the  bones  and  shells  ob- 
tained from  the  phosphate  beds  that  abound 
in  some  of  the  southern  states,  on  the  coast  of 
the  Atlantic  Ocean.     There  is  in  process  of 
construction  a  plant  for  the  purpose  of  manu- 
facturing chlorate  of  potash  by  an  electrical 
process.    In  addition  to  these      tablishments 
mentioned,   the   electricity    is   furnished   for 
power  purposes  to  the  Niagara  Electric  Light 
Company;    to   the   electric    railway   between 
Niagara  and  Buffalo;    to  the  Niagara  Falls 
Kailway,  on  the  opposite  side  of  the  river;   to 
the  Niagara  Power  and  Conduit  Company  of 
Buffalo,  and  the  Niagara  Development  Com- 
pany.   This  is  only  a  small  beginning  of  the 
uses  to  which  electricity  will  be  put  as  an 
agent  for  the  development  of  heat,  light  and 
power  as  well  as  for  the  production  of  all  sub- 
stances where  electrolysis  is  the  chief  factor. 
Sixteen  companies  or  more  are  now  using  elec- 
tricity from  the   Niagara   power-house,— the 
whole  amounting  to  about  35,000  horse-power, 
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CHAPTER  XXIX. 


THE  NEW  ERA. 


When  we  consider  the  number  of  new  prod- 
ucts for  whose  existence  we  are  indebted  to 
electricity,  and  the  number  of  old  products 
that  have  heretofore  existed  experimentally, 
in  the  laboratory  of  the  chemist  only,  that 
have  now  been  brought  into  play  as  useful 
agents  in  the  various  arts  and  industries,  we 
begin  to  realize  that  this  is  truly  an  electrical 
age  and  the  dawning  of  a  new  era.  How 
many,  many  things  there  are,  familiar  to  the 
children  of  to-day,  that  were  not  even  imag- 
ined by  the  children  of  twenty-five  to  fifty 
years  ago.  Fifty  years  ago  the  only  useful 
purpose  to  which  electricity  was  put  was  that 
of  transmitting  news  from  city  to  city  by  the 
Morse  telegraphic  code.  It  will  be  fifty-seven 
years  the  first  of  April,  1901,  since  the  first 
telegraph-line  was  thrown  open  to  the  public. 
Less  than  thirty  years  ago  but  little  advance 
had  been  made  in  the  use  of  electrical  appli- 
ances beyond  the  perfection  of  certain  private- 
line  instruments,  and  a  means  for  multiple 
transmission.    About  twenty  years  ago  ther^ 
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were  evidences  of  the  beginning  of  a  new  era 
in  electrical  development.  At  no  time  in  the 
history  of  the  world  has  wonder  succeeded 
wonder  with  such  rapidity,  producing  such  . 
astounding  results  that  have  revolutionized  all  -, 
our  modes  of  doing  business  and  all  of  the 
operations  of  commercial  and  domestic  life,  as 
during  the  last  two  decades.  We  set  our 
watches  by  time  furnished  by  electricity  from 
one  central  point  of  observation.  We  read  the 
tape  from  hour  to  hour,  upon  which  is  re- 
corded the  commercial  pulse  of  the  world,  as 
it  throbs  in  the  marts  of  trade,  by  means  of 
this  same  speedy  messenger.  We  enter  a 
street-car  that  is  lighted  and  heated,  and  at  the 
same  time  propelled  by  the  same  wonderful 
agent.  In  our  homes  and  on  our  streets  night 
is  turned  into  day  by  a  light  that  outrivals  all 
other  illuminants. 

When  we  wish  to  speak  to  a  friend  who  may 
be  a  mile  or  a  thousand  miles  away  we  step  to 
the  end  of  a  wire  that  comes  within  the  walls 
of  our  dwelling  and  we  talk  to  him  as  though 
face  to  face,  and  means  are  at  hand  by  which 
we  may  write  a  letter  to  that  same  friend  and 
deliver  it  to  him  in  our  own  handwriting  and 
over  our  own  signatures,  so  quickly  that  it  will 
appear  before  him  in  full  form  and  complete- 
ness as  soon  as  the  last  period  is  made  at  the 
end  of  the  last  line. 

One  sees,  and  hears,  and  lives  more  in  R 
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single  day  in  this  age  of  electricity  and  steam 
than  he  did  in  twelve  months  sixty  years  ago. 
And  yet  there  are  those  who  cry  out  against 
modern  inventions  and  modern  civilization, 
and  are  constantly  quoting  the  days  of  theii- 
grandfathers  and  great-grandfathers  when 
"Hie  was  simple"  and  there  was  "time  to 
rest."  "Why  are  we  tormented  with  thi& 
thought-stimulating  age?"  they  say.  "Why 
are  our  emotions  called  into  action  by  modern 
music  and  modem  art?  Why  are  we  called 
upon  to  help  the  downtrodden  and  oppressed,, 
and  to  help  to  elevate  mankind  to  a  highei 
level?  Why  cannot  we  be  left  alone  in  peace 
and  quiet,  to  live  in  the  easiest  way? " 

If  this  be  good  philosophy,  then  the  swine, 
if  he  were  a  reasoning  being,  ought  to  be 
ranked  among  the  greatest  of  philosophers — 
when  he  seeks  a  wallow  in  the  sunshine  and 
sleeps  away  his  useless  existence.  If  he  is 
useful  it  is  because  some  other  being  of  a 
higher  order  uses  him  to  help  along  his  own 
existence.  The  man  in  these  days  who  does 
not  "keep  up  with  the  procession"  is  soon 
trodden  under  foot  and  some  other  man  uses 
him  as  a  stepping-stone  to  elevate  himself. 

Yet  this  is  a  selfish  motive,  after  all.  The 
world  is  now  rapidly  advancing  in  light,  in 
knowledge,  in  power  to  use  the  infinite  gifts 
that  tLa  Creator  has  hidden  in  nature;  but 
]tii44en  only  to  stimulate  and  reward  o^r  se^k- 
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ing.  Every  man  can  help  in  this  grand  prog, 
res8,--if  not  by  research  and  positive  thought- 
power,  at  least  by  grateful  acceptance  and 
realization  of  what  is  gained.  Look  forward! 
As  Emerson  puts  it:  "To  make  habituaUy  ti 
new  estimate— that  is  elevation/* 
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Arabians,  magnetic  needle,  21. 
Arago,  germ  of  electromagnet,  93. 
Aristotle  mentions  torpedo,  6. 

refers  to  magnet,  20. 
Atmospheric  electricity,  Ch.  VIII,  77. 
Atoms  and  molecules,  39. 

of  substances  differ  in  weight,  42. 

relations  to  heat,  42. 
Aurora  Borealis,  35. 

Bain  chemical  telegraph  register,  101. 
Barlow  on  galvanism  in  telegraphy,  93. 
Bell,  Alexander  Graham,  radiophone,  171, 
Bleaching-powder  at  Niagara,  218. 
Branly  invents  the  coherer,  179. 

Gables,  submarine.    See  Submarine  Cables. 
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Calcium-carbide  at  Niagara,  228. 
Capacity  of  a  circuit,  118,  119. 
Caustic  soda,  221. 
Chinese,  magnetic  needle,  21. 
Chloiine  and  sodium,  210. 
Circuit-breaker  at  Niagara,  199.     " 
Closed  circuit  and  current,  122. 
Coherer  (wireless  telegraphy),  179. 
Columbus,  compass  variations,  22,  34. 
Condenser  in  resistance-coil,  118. 

in  Morse  relays,  131. 
vonductors  and  non-conductors  of  electricity,  47. 

relation  'to  electric  light,  50. 

different  resistances,  74,  83.. 
Cooke,  needle  telegraph,  108. 
Crookee,  Prof.,  X-ray,  121. 
Cuneus  and  the  Leyden  jar,  8. 
Curiosities,  Ob.  XX,  171. 

Daniel!  battery,  85. 

Differential  magnet,  115. 

Dinocares  and  the  loadstone,  20. 

Dolbear,  Amos  E.,  wireless,  telegraphy,  178. 

Dupay  discovers  positive  and  negative  electricity, 

8. 
Duplex  telegraphy,  114. 
Dynamo-electric  machines,  67. 

invented  by  Faraday,  14,  69. 

usual  construction,  70. 

at  Niagara,  192. 
Double  transmission,  116. 

Barth  electric  currents,  in  telegraphy,  99,  116,  182. 
Earth  magnetism,  32. 

effects  of,  on  iron,  35. 
Aurora,  35. 
telegraph-lines,  36. 
from  sun's  heat,  75. 
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Gldison,  Thomas,  railway  telegraphy,  131. 

eleetromotograph,  176. 
Slectric  currents,  Ch.  VI,  49 

not  currents  but  atomic  motion,  64. 

induction  of,  56. 

guarded  against,  i6tf. 

at  Niagara,  193. 
'Electric  generators,  Ch.  VII,  62,  -^ 

frictional,  49. 

galvanic  batteries,  62. 

storage-batteries,  64. 

dynamos,  67,  192. 

metal  heating,  74. 
Electricity,  science  of,  6. 

achievements  of,  16. 

eras  in  science  of,  18. 

theory  of,  Ch.  V,  39. 

not  a  fluid,  a  form  of  energy,  40. 

static  and  dynamic,  46. 

measurement  of,  Ch.  IX,  83. 
Eilectric  light,  cause  of,  50. 
Electric  machines,  49. 

frictional,  51. 

galvanic  or  chemical,  51, 

mechanical,  70. 
'^Slectromagnet  invented  by  Faraday,  14, 

commercial  value,  23. 

theory  of  (soft  iron),  26. 

permanent  (steel),  28. 

condition  of  use,  30. 

the  earth  a,  32. 

germ  of,  93. 

differential,  115. 
Eleetromotograph,  175. 
Ellsworth,  Miss,  sends  first  telegraphic  message, 

96. 
Sther,  lines  of  force,  31. 

nature  of,  40. 
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Ether,  impressed  by  atomic  motion,  66. 
inducing  electric  action,  56. 

Farad,  unit  of  capacity,  118. 

Faraday,  Michael,  14. 

Farmer,  Moses  G.,  double  transmission,  114. 

Field,  Cyrus  W.,  lays  first  Atlantic  cable,  156. 

Field  of  a  magnet,  31. 

Fitzgerald,  Niagara  Falls  chemist,  210. 

Franklin  catches  the  lightning,  8. 

identity  of  lightning  and  electricity,  10. 

kite  experiment,  11. 

electric  firing- telegraph,  88, 
Frode,  history  of  Iceland,  21. 

Gadenhalen  uses  magnetic  needle  868  A.D.,  21. 
Galileo's  seed-thought,  89. 
Galvani,  Luigi,  and  galvanism,  12. 
Galvanic  batteries,  62. 

author's  experience,  65. 
Galvanometer,  75,  93. 
Gilbert,  Dr.,  frictional  electricity,  7. 
Gintl,  double  transmission,  114. 
Gray,  Elisha,  constructs  voltaic  pile,  66. 

electrically  transmits  music,  91. 

experiments  on  transmission  of  music,  ar- 
ticulate   speech,    and    multiple   messages, 

files  telephone  caveat,  135. 
musical  experiments,  136. 
I  speech  receivers,  139. 
boys'  telephone,  141. 

first  telephone  specification  on  record,  143. 
dial-telegraph,  161. 
automatic-printing  telegraph,  163. 
telautograph,  165. 
electric  musical  receiver,  176. 
Gray,  Stephen,  electrician,  8. 
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Grier,  John  A.,  quoted,  67. 

Guyot  of  Provence  mentions  mariner's  compass, 

Halske,  double  transmission,  114. 
Harmonic  telegraphy,  120. 

receivers,  125. 

relay,  130. 
Hawksbee,  Francis,  electrician,  7. 
Heat,  a  mode  of  motion,  40. 

related  to  atoms,  42. 

begins  and  ends  in  matter,  44. 

electrical  and  mechanical  energy  the  same. 
46. 
Henry,  Joseph,  first  practical  telegrapher,  90. 

constructs  long-distance  line,  94. 

produces  induction,  177. 
Heraclea  and  the  loadstone,  20. 
Hertz  experiments  in  ether-waves,  178. 
Homer  refers  to  loadstone,  20. 
Horse-power,  214. 

House,  Royal  E.,  printing  telegraph,  108,  110. 
Hughes,  David  E.,  printing  telegraph,  108,  112. 

Induction,  56. 

guarded  against,  169. 
produced  by  Henry,  177. 

Keeper  of  a  magnet,  31. 

Kelvin,  Lord   (Sir  W.  Thompson),  cable  message 

receiver,  158. 
"Kick,"  in  telegraphy,  115,  118. 
Kleist  and  the  Ley  den  jar,  8. 

**  Let  her  buzz,"  3. 
Leyden  jar  invented,  8. 
Lightning,  electricity;    Franklin,  8. 
restoration  of  equilibrium,  78. 
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Lightning-rods,  80. 

dangerous  conductors,  81, 
Loadstone,  20,  2L 

iMaury,  Lieut.,  deep-sea  soundings,  155. 
Magnes,  Magnesia,  20. 
Magnet,  electro.    See  Electromagnet. 
Magnetic  earth  poles,  23,  32. 
Magnetic  lines  of  force,  31,  34,  60. 
Magnetic  needle,  21. 

variation  of,  22. 

dip  Qf,  22. 

action  of,  33. 
Magnetism,  history  of,  20. 

and  electricity  mutually  dependent,  24. 

theories  of,  24. 

in  iron  and  steel,  25. 

in  the  earth,  32,  36. 

and  sun-spots,  37. 
Magnetization,  limit  of,  31. 
Marconi,  wireless  telegraphy,  178-180. 
Measurement  of  electricity,  83. 

ampere,  unit  of,  85. 

method  of,  86. 
Mercury  luminous  by  shaking,  7. 
Micro-ferad,  unit  of  capacity,  119. 
Molecules  of  iron  and  steel  natural  magnets,  25. 

and  atoms,  39. 
Morse,  S.  F.  B.,  devises  code  of  telegraphic  sig- 
nals, 95. 

induces  Congress  to  construct  line,  96. 

transmits   battery   current  through   water, 
177. 
Motion  universal,  38. 

causes  sound,  heat,  light,  and  electricity,  39. 
Multiple  transmission,  Ch.  XIII,  114. 

duplex,  116. 

quadruplex,  118. 


fn5ey.  245 

Multiple  transmission,  musical,  120. 
Musical  mesnage  receivers.  125,  139. 
Musical  tones  transmitted,  91,  92,  120,  136 
Muschenbroeck,  Prof.,  and  the  Leyden  jar,*  8. 

N^ewton,  Sir  Isaac,  electrician,  8. 
Niagara  Falls  Power,  Chs.  XXII  to  XXVIII    186 
to  233.  ^vAxx,  loo 

Introduction—rock,  water,  power    186 
Appliances: 

tunnel,  power-house,  190. 

shaft,  dynamos,  192. 

current,  193. 

governor,  194. 

water-head,  195. 

crane,  196. 

circuit-breaker,  199. 

transformer,  200. 

electromotive  force,  204. 
Electrical  Products— Carborundum,  209. 

materials,  210. 

furnaces,  211. 

electric  current,  213. 

horse-power,  214. 

method  of  work,  215. 
Bleaching-powder,  218. 

chlorine  and  sodium,  219. 

method  of  work,  220. 

caustic  soda,  221. 
Aluminum,  223.  » 

crucibles  and  methods,  224. 

magnetic  effects,  226. 
Calcium  carbide,  228. 
process,  229. 
acetylene  gas,  230. 
Other  products,  232. 
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Oersted,  galvanic  current  on  magnetic  needle,  93, 
Ohm,  G.  S.,  resistance  unit,  74. 

Patents — Caveat  and  application,  135. 

Plants,  storage-battery  plates,  64. 

Pliny  mentions  electrical  properties  of  amber,  67. 

loadstone,  20. 
Preece,  double  transmission,  114. 
Prescott,  Geo.  B.,  quoted,  104,  100,  163,  174. 
Ptolemy  Philadelphus  and  loadstones,  20. 
Pythagoras  refers  to  natural  magnets,  20. 

Radiophone,  171. 
Railway  train  telegraphy,  131. 
Richraan,  Prof.,  killed,  12. 
Reiss,  metallic  telephone  transmitters,  122. 
Resistance,  unit  of,  74. 
-coil,  118. 

Siemens,  double  transmission,  114. 

Selenium  in  radiophone,  172. 

Shephard,  Charles  S.,  induction-coil,  122. 

Stager,  Gen.  Anson,  telegrapher,  110. 

Stearns,  Joseph  B.,  cures  the  "  kick "  in  doubI» 

transmission,  115. 
Storage-battery,  24. 
Strada,  loadstone  telegraph,  88. 
Submarine  cables,  Ch.  XVII,  164. 

first  lines,  154-5. 

Maury's  deep-sea  soundings,  155. 

first  Atlantic,  156. 

retardations,  157. 

receiver,  158. 
Sun-spots  and  magnetic  storms,  37. 

Telautograph,  Ch.  XIX,  165. 
Telegraph : 

heliostat,  68. 
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Telegraph: 

semaphore,  68. 

loadstone,  88. 

Franklin's  electric  flrinff,  88. 

electrically  dropped  balls,  88. 

electric  transmission  of  musicL  i  tones,   "l. 
of  signals,  04 

Morse  register,  95. 

first  line,  97. 

description,  98. 

reading  by  various  senses,  100. 

Bain,  chemical  recorder,  101. 

Cooke  needle,  108. 

Wheatstone  needle,  108. 

House  printing,  108,  110. 

Hughes  printing,  108,  112. 

automatic  systems,  109,  112. 

multiple  transmission,  114. 

musical  transmission,  120. 

musical  receivers,  125. 

Way  duplex,  129. 

from  moving  railway  trains,  131. 

repeater,  150. 

short-line  dials,  169. 

printing,  163. 

wireless,  Ch.  XXI,  176. 
Telegraphic  messages,  receiving,  103. 
Telephone,  Chs.  XV,  XVI,  134,  145. 

author's  first  experiment,  91. 

experiments,  123. 
I    caveat,  135. 

speech  receivers,  139. 

boys'  telephone,  141. 

first  specification  of,  on  record,  143. 

how  telephone  talks,  145. 

simple  construction,  146. 

two  methods  of  transmission:    magneto  and 
yfirfed  resistance,  142,  149, 
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Telephone: 

limit  of  transmission,  153. 

central  station,  164. 

affected  by  heat-lightning,  183. 
Telephote,  173. 
Thales  of  Miletus  first  described  electrical  prop 

erties  of  amber,  6. 
Theophrastus  mentions  amber,  6. 
Thermo-electric  pile,  76. 
Torpedo,  the,  6. 
Transformers  at  Niagara,  200. 
Transmission,  multiple,  Ch.  XIII,  114. 
Trowbridgft;  Prof.,  telephones  through  the  earth 

188. 
Tunnel  at  Niagara,  190. 
Tyndall,  and  Gray's  experiments,  92. 

Unrest  of  the  universe,  38. 

Volt,  unit  of  electrical  pressure,  85. 
Volta,  Alessandro,  and  the  voltaic  pile,  13. 

Watt,  James,  86. 

unit  of  electrical  power,  86. 
Way  duplex  system,  Ch.  XIV,  129. 
Wheatstone    transmits    musical    tones    mechani 
call^,  92. 

needle  telegraph,  108. 

dial-telegraph,  159. 
Wireless  telegraphy,  Ch.  XXI,  176. 

signaling  by  ether-waves,  176. 

Morse  and  Henry,  177. 

Trowbridge,  Dolbear,  Hertz,  178. 

Branly,  Marconi,  179. 

Marconi's  system,  180. 

by  earth-currents,  182. 
>Volimer,  King  of  Gotib  i,  a  natural  batteiy,  7. 
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